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INTRACELLULAR DOMAIN OF A
MAMMALIAN FAT1 (FAT1IC)

CROSS REFERENCE TO RELATED
APPLICATION

This application claims the benefit of U.S. Provisional
Application No. 60/928,216, filed May 8, 2007, the contents
of which are hereby incorporated by reference in 1ts entirety.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

The mvention was made with government support under

grant number RO1 HL67944-01 awarded by the National
Institutes of Health. The government has certain rights in the
ivention.

BACKGROUND OF THE INVENTION

(1) Field of the Invention

The present mvention generally relates to compositions
and treatments for vascular disorders. More specifically, the
invention provides compositions comprising Fatl or 1solated
domains thereof, and methods of using these and other com-
positions with methods of vascular repair such as angioplasty
and coronary bypass surgery.

(2) Description of the Related Art

Vascular remodeling 1s a critical part of the pathogenesis of
climically important vascular disorders such as atherosclero-
s1s, restenosis after angioplasty, and saphenous vein graift
disease (Shanahan and Weissberg, 1998; Owens et al., 2004).
Despite considerable study, the molecular mechanisms that
control vascular smooth muscle cell (VSMC) activities dur-
ing vascular remodeling are not fully understood. Recent
reports linking cadherins to VSMC regulation (Jones et al.,
2002; Slater et al., 2004; Uglow et al., 2003) suggest that
these transmembrane adhesion proteins, characterized exten-
stvely as major mediators of epithelial cell homeostasis, may
also be important 1n vascular remodeling.

Cadherins are involved in Ca**-dependent cell-cell adhe-
s10n, intracellular junction assembly, and tissue morphogen-
es1s during development (Yap et al., 1997; Angst et al., 2001;
Wheelock and Johnson, 2003b). Major subdivisions of the
large cadherin superfamily include the classical cadherins
and the protocadherins (Gallin, 1998; Yagi and Takeichi,
2000; Angst et al., 2001). The extracellular domains of these
proteins share a unique structure, the cadherin motif, which 1s
repeated 1n tandem 1n variable numbers. Classical cadherins
function as homophilic adhesive molecules, and both extra-
cellular and cytoplasmic domains contribute to this function.
Classical cadherin cytoplasmic domains interact with {3-cate-
nin and plakoglobin (Huber and Weis, 2001 ; Takeichi, 1995),
members of the armadillo gene family of transcription fac-
tors. This interaction effectively sequesters B-catenin away
from the nucleus, limits 1ts transcriptional activity (Sadot et
al., 1998; Kaplan et al., 2001; Simcha et al., 2001), and thus
links cadherins to the canonical Wnt signaling pathway, a

major determinant of cellular activity during development
(Bhanot et al., 1999; Jamora et al., 2003; Nelson and Nusse,

2004).

Like classical cadherins, protocadherins have extracellular
domains capable of Ca**-dependent, homophilic interaction
(Suzuki, 2000). Protocadherin cytoplasmic domains, on the
other hand, are structurally divergent from those of the clas-
sical cadherins, and less 1s known about their function.
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2

Sequestration and inhibition of 3-catenin by protocadherins
has not been described.

Although mammalian Fatl genes (Dunne et al., 1993;
Ponassi et al., 1999; Cox et al., 2000) were mitially charac-
terized as homologues of the Drosophila protein Fat (Ma-
honey et al., 1991), recent bioinformatics analysis indicates
that Fatl 1s more closely related to Drosophila Fat-like (Ftl)
(Castillejo-Lopez et al., 2004). In Drosophila, Ftl 1s
expressed apically in luminal tissues such as trachea, salivary
glands, proventriculus, and hindgut (Castillejo-Lopez et al.,
2004). Silencing of itl results 1n the collapse of tracheal
epithelia, and 1t has been suggested that Ftl 1s required for
morphogenesis and maintenance of tubular structures of ecto-
dermal origin.

Like Drosophila Fat and Ftl, mammalian Fatl 1s remark-
able for its very large size (~4600 aa). It has a huge extracel-
lular domain that contains 34 cadherin repeats, 5 EGF-like
repeats, and 1 laminin A-G motif, a single transmembrane
region, and a cytoplasmic tail of ~400 aa (Dunne et al., 1995).
Sequences within the Fatl cytoplasmic domain (Fat1,,.) show
limited similarity to 3-catenin binding regions of classical

cadherins (Dunne et al., 1993).

SUMMARY OF THE INVENTION

-

T'he inventors have discovered that Fatl regulates growth
and migration of vascular smooth muscle cells (VSMCs).
The 1nvention 1s directed to an extracellular domain of a
mammalian Fatl (Fatl . ), the extracellular domain compris-
ing amino acids equivalent to amino acids 22-4174 of a wild-
type mouse Fatl having the amino acid sequence of SEQ 1D
NO:1, where the extracellular domain does not comprise the
entire mammalian Fat].

The invention 1s also directed to an intracellular domain of
a mammalian Fatl (Fatl,~), the intracellular domain com-
prising amino acids equivalent to amino acids 4199-4598 of a
wild-type mouse Fatl having the amino acid sequence of
SEQ ID NO:1, where the extracellular domain does not com-
prise the entire mammalian Fatl.

The invention 1s additionally directed to a vector compris-
ing a nucleic acid sequence encoding the above-described
Fatl .-, wherein the vector 1s capable of expressing the
Fatl .~ 1n a mammalian cell.

Additionally, the mnvention 1s directed to a vector compris-
ing a nucleic acid sequence encoding the above-described
Fatl, ., wherein the vector 1s capable of expressing the Fatl , .
in a mammalian cell.

The 1nvention 1s further directed to a vascular stent coated
with the above-described Fatl .-

Also, the invention 1s directed to vascular stents coated
with a Fatl ligand that activates Fatl.

Further, the invention 1s directed to a method of treating a
patient at risk for restenosis of a blood vessel, the method
comprising nserting the above-described vascular stent into
the blood vessel at the site of the risk.

The 1nvention 1s also directed to a method of treating an
injured blood vessel in a patient. The method comprises
administering the above-described Fatl,. or the above-de-
scribed Fatl , -~ vector to the injured blood vessel 1n a manner
suificient to treat the mjured blood vessel.

The invention 1s additionally directed to a method of treat-
ing a patient at risk for restenosis of a blood vessel or having
an ijured blood vessel. The method comprises administering
to the patient a vector encoding a Fatl having an amino acid
sequence at least 90% 1dentical to SEQ ID NO:1 or SEQ ID

NO:2, where the vector 1s capable of expressing the Fatl in
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cells of the patient, and wherein the Fatl 1s capable of inhib-
iting growth and promoting migration of vascular smooth

muscle cells (VSMC).

The mnvention 1s further directed to a method of treating an
injured blood vessel 1n a patient. The method comprises
administering a compound to the mnjured blood vessel, where
the compound specifically binds to Fatl and prevents the

ability of the Fatl to promote migration of vascular smooth
muscle cells (VSMC).

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a graph, a photograph of a western blot, and
micrographs of stained tissue sections showing expression of
Fatl in normal and balloon-injured rat carotid arteries. Panel
B shows results of a gPCR analysis of fatl mRNA expression.
Fatl mRNA levels were corrected relative to gapdh mRNA
levels, with day O (no mjury) set=1. *, P<t0.05, **, P<0.01 vs.
day 0. Panel B shows the specificity of anti-Fatl antiserum.
Preimmune and anti-Fatl immune rabbit sera (1:5000 dilu-
tions) were tested by immunoblotting of replicate total
RASMC protein extracts (20 ng/lane). The arrow indicates
the Fatl signal. Panel C shows an immunohistochemical
analysis of Fatl expressioninarteries 0, 3,7, and 14 days after
injury, as indicated. Arrowheads indicate the internal elastic
lamina, and double-ended arrows, the extent of the media.
The neoimntima 1s the space between arrowhead and arrow.
The orientation of all samples 1s similar, with an asterisk 1n
the day O panel indicating the vessel lumen. The upper right
panel shows a day 7 sample co-stained for Fatl and PCNA;
areas ol increased Fatl (arrow) and increased PCNA (arrow-
head) staining are indicated. The lower right panel shows a
day 7 sample 1n which Fat1 antiserum was omitted (no 1° ab).
Scale bar, 100 um.

FIG. 2 shows photographs of western blots showing a
western analysis of Fatl expression in RASMCs. Cells were
serum-deprived, stimulated as described, and harvested for
protein extraction at the mndicated time points. Actin expres-
s10n 1s shown as a loading reference. Data are representative
of three independent experiments. Panel A shows induction
by 10% FBS for 0-36 h prior to protein extraction. The blot
was also probed for cyclin D1. Panel B shows induction by
specific factors. Cells were stimulated with ATII, 10~° mol/L,
bFGF, 20 ng/mL, or PDGF-BB, 20 ng/mlL..

FIG. 3 1s photographs of western blots, fluorescent and
light micrographs of cells, and graphs showing the effect of
decreased Fatl expression on VSMC migration. Panel A
shows a western analysis of Fatl specific and control siRNA
elficacy, 48 h after transfection. Panel B shows a schematic
diagram of IL2R-Fatl,.. EC, extracellular; TM, transmem-
brane; IC, intracellular, with photomicrograph of subcellular
localization of IL2R-Fatl,-3XFLAG 1n transtected cells
stained with FITC-conjugated anti-FLAG antibody. Panel C
shows MASMC migration 30 h after wounding of monolayer.
Dashed lines indicate extent of 1nitial denudation. The graphs
shows quantitative analysis of MASMC migration aiter con-
trol (Ctl) and specific Fatl siRNA ftransfection. For 10
matched fields, the area of the wounded monolayer covered
by cells at the indicated timepoints was determined by
planimetry using NIH Image, and distance migrated calcu-
lated according to the difference from time 0. *, P<<0.05 vs.
Ctl siRNA. Panel D shows results of a transwell migration
assay ol A7r5 cells transduced with the indicated retroviruses.
Six fields were counted per condition, and the values were
averaged for each filter. *, P<0.035 vs. other groups.

FI1G. 4 1s photographs of western blots and a graph showing
the effect of decreased Fatl expression on VSMC cell cycle
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progression. Panels A and B show a western analyses of Fatl
and cyclin D1 expression with control (Ctl) or Fatl-specific
siIRNAs. Panel A shows results when four distinct Fatl-spe-
cific siRNAs were transfected 48 h prior to protein extraction.
Loading reference, o.-tubulin. Panel B shows the eflicacy of
Ctl or Fatl -specific siRNA 7296 over time. Actin and O-cate-
nin expression were also tested. Panel C shows the effect of
Fatl inhibition on DNA synthesis assessed by BrdU incorpo-
ration. Cells were transfected with Ctl or Fat1l siRNA, serum-
deprived for 48 h, and stimulated with 10% FBS. BrdU 1ncor-
poration was assessed as described in Materials and Methods.
The graph depicts the meanstS.E. of three independent
experiments 1n which a total of 219-874 cells were counted
cach time for each group. *, P<t0.05 vs. Ctl siRNA.

FIG. 5 1s photographs of western blots and graphs showing,
the etfect of IL2R-Fatl, . expression on VSMC growth. RV,
IL.2R, and IL2R-Fatl,, designate A7r5 or MASMCs trans-
duced with the corresponding retroviral constructs. Panel A
shows a western analyses of IL2R-Fatl, . expression in A7rS
and MASMC stable transfectants. A non-specific band (ns)
near the IL.2R-Fatl, . protein 1s indicated. The blots were also
probed for cyclin D1 and actin. Panel B shows the efl

ect of
IL.2R-Fatl,.on A7r5 cell growth. Cell number was calculated
by CyQuant fluorescence assay by reference to a standard
curve. Panel C shows the effect of IL2R-Fatl,~ on DNA
synthesis 1n A7r5 and MASMCs, evaluated by BrdU incor-
poration. *, P<0.05 vs. control.

FIG. 6 1s fluorescence micrographs and photographs of
western blots showing the co-localization and interaction of
endogenous p-catenin and Fatl in VSMCs. Panel A shows an
immunofluorescence analysis of 3-catenin (3-cat), Fatl, and
areas ol co-localization (“merge”). Nucle1 were stained with
DAPI as indicated. p-catenin and Fatl co-localization at cell-
cell junctions 1s indicated by an arrowhead. Scale bar (10 um)
applies to all panels. Panel B shows detail from the panels 1n
A, showing staining for Fatl (right micrograph), but not
B-catenin (left), at the cellular free edge. Scale bar, 10 um.
Panel C shows the co-immunoprecipitation of endogenous
3-catenin and Fat1. Cell lysates were incubated with antibod-
1es specific for Fatl (upper panels) or [3-catenin (lower pan-
¢ls) or normal rabbit or mouse 1gG, and the immunoprecipi-
tated complexes were analyzed by western blot for Fatl and
3-catenin, as indicated.

FIG. 7 1s a diagram and photographs of western blots
showing the identification of 3-catenin-interacting residues
in the Fatl ,~ domain by co-immunoprecipitation of epitope-
tagged proteins. Panel A 1s a schematic depiction of FLAG-
tagged IL2R-Fatl, -~ deletion constructs. Fatl ;~domains indi-
cated: juxtamembrane (JM), FC1, FC2, carboxy-terminus
(CT). Panel B shows a western analysis of immunoprecipi-
tated protein complexes. The indicated constructs were trans-
tected into 2931 cells. Upper blots: after 24 h, total cellular
protein (400 ug) was harvested and analysed by immunopre-
cipitation and western blotting (WB) with antibodies against
the epitope tags, as indicated. Lower blots: protein input
(7.5%). An analogous E-cadherin-derived construct (IL2R-
E-cad,~-FLLAG) was used as a positive control.

FIG. 8 1s fluorescence micrographs and photographs of
western blots showing the efl

ect of Fatl ;- overexpression on
B-catenin nuclear localization 1 VSMCs. Panel A shows
immunofluorescence analysis of 3-catenin subcellular local-
ization 1n IL2R-GFP-RV (upper) and IL2R-Fatl,-GFP-RV
(lower) transduced RASMCs. Cells were treated with LiCl
(20 mmol/L)) for 6 h, and then stained with anti-p-catenin
antibody and DAPI. Transduced cells were 1dentified by co-
expressed GFP. Arrows indicate nuclear 3-catenin signal of
untransduced and transduced cells within each panel (see
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text). Scale bar, 10 um. Panel B shows western analysis of
3-catenin in membrane (M), cytoplasmic (C), and nuclear (N)

fractions extracted from IL2R-GFP-RV and IL2R-Fatl,--
GEFP-RV transduced A’7r5 cells treated with Li(Cl, as above.
The blot was probed for lamin A/C to assess fractionation and
loading.

FIG. 9 1s graphs and fluorescent micrographs showing the
elfect of altered Fatl expression on 3-catenin transcriptional
activity in VSMCs. Panel A shows Toptlash (TCF-luciferase
reporter) activation. Topitlash or Fopilash control was trans-
fected into A7r5 cells along with expression constructs for
B-catenin, IL.2R-Fatl,., N-cadherin, and/or IL2R-E-cad-
herin,~. The maximal reporter activity was set to 100. *,
P<0.03, **, P<0.01, vs. activity with p-catenin alone. Panel B
shows [3-catenin localization 1n MASMCs transiected with
control (Ctl, scrambled) or Fatl-specific (7296) siRNAs and
stimulated with L1Cl (20 mM) for 12 h. Panel C shows Top-
flash activity with decreased Fatl expression. MASMCs
transfected with the indicated siRNAs and the Toptlash
reporter were stimulated with L1Cl (20 mM) for 12 h prior to
assay for luciferase activity. *, P<0.03, vs. activity with Ctl
siRNA. Panel D shows Cyclin D1 promoter activation. The
cyclin D1 promoter-luciferase construct was transfected into
A’'lrS cells along with test constructs, as in A. *, P<t0.05, **,
P<0.01, vs. activity with -catenin alone.

FIG. 10 1s a photograph of a western blot, fluorescent
micrographs, and a graph showing cleavage, localization, and
activity of Fatl cytoplasmic sequences 1n VSMC protein
extracts. Panel A shows western analysis of A7r5 extracts
transduced with IL2R-Fatl , ~retrovirus. Total cellular protein
was incubated at 37° C. for 15 min with or without proteinase
inhibitors (1inhib). Both full length (FL) Fatl and the fusion
protein (IL2R-Fatl,.), are apparent with proteinase inhibi-
tion; only a single band (Fatl,-*) of ~30 kD 1s seen without
inhibition. Panel B shows subcellular localization of the
FLAG-tagged Fatl cytoplasmic domain with (Fatl ;g5 455~)
or without (Fatl,,,, 4<4~) the putative NLS 1n transfected
A'7rS cells. Anti-FLAG immunofluorescence and DAPI
nuclear stains are shown. Panel C shows the effect of the NLS
on Fatl, -mediated inhibition of [3-catenin activation of the
cyclin D1 promoter. Luciferase activity was assessed 24 h
alter transtection of A7r3 cells with the indicated expression
constructs and the cyclin D1 promoter reporter. *, P<<0.01 vs.
activity with 3-catenin alone.

DETAILED DESCRIPTION OF THE INVENTION

The mventors have discovered that Fatl regulates growth
and migration of vascular smooth muscle cells (VSMCs). See
Example. In particular, it was discovered that the complete
Fatl protein inhibits proliferation (1.e., growth) and promotes
migration of VSMCs and the intracellular domain (1.e., cyto-
plasmic fragment) of Fatl inhibits both proliferation and
migration of VSMCs. These discoveries make useful various
invention compositions and enable various therapeutic meth-
ods.

The mvention 1s directed to an extracellular domain of a
mammalian Fatl (Fatl ), the extracellular domain compris-
ing amino acids equivalent to amino acids 22-41°74 of a wild-
type mouse Fatl having the amino acid sequence of SEQ 1D
NO:1, where the extracellular domain does not comprise the
entire mammalian Fatl.

As used herein, a Fat1 1s FAT tumor suppressor homolog 1
(Drosophila) having UniProtKB/TrEMBL entry Q9QXA3.
The mouse Fatl wild-type amino acid sequence 1s provided
herein as SEQ ID NO:1 and the mouse wild-type Fatl mRNA

sequence 1s provided mn Genbank accession no. NM__00__
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001081286. The human wild-type Fatl amino acid sequence
1s provided herein as SEQ ID NO:2 and the human wild-type
Fatl in RNA sequence 1s provided 1n Genbank accession no.
NM__005245.3. It 1s expected that any other wild-type mam-
malian Fat]l amino acid sequence could be determined by the

skilled artisan. Such an amino acid sequence would be
expected to be at least 85% 1dentical to SEQ ID NO:1 and/or

SEQ ID NO:2.

The Fatl protein 1s made up of a signal peptide consisting,
of residues 1-21 of both SEQ ID NO:1 and SEQ ID NO:2; an
extracellular domain consisting of resides 22-4174 of SEQ ID
NO: 1 and 22-4181 of SEQ ID NO:2; a transmembrane
domain consisting of residues 4175-4198 of SEQ ID NO:1
and 4182-4201 of SEQ ID NO:2; and an intracellular domain
consisting of residues 4199-4598 of SEQ ID NO:1 and 4202-
4588 of SEQ ID NO:2.

The Fatl or fragments thereof claimed herein or used in the
methods claimed herein includes mutants comprising amino
acid deletions, substitutions or additions, provided the mutant
inhibits proliferation (i.e., growth) and promotes migration of
VSMCs and the intracellular domain (i.e., cytoplasmic frag-
ment) of the mutant inhibits both proliferation and migration
ol VSMCs. Methods for determining these characteristics are
provided, e.g., in the Example.

The mvention Fatl .~ can further comprise other amino
acids or other compounds. Examples of additional amino
acids includes the signal sequence, or a portion of the trans-
membrane domain. Examples of another compound that can
usetully be bound to the invention Fatl .~ 1s a fluorescent dye.

The invention Fatl .. . 1s preferably a mouse Fat1 having an
amino acid sequence at least 95% 1dentical to SEQ 1D NO:1.
More preferably, the invention Fat1 .~ 1s a human Fat1 having
an amino acid sequence at least 95% 1dentical to SEQ ID
NO:2. Most preferably, the mvention Fatl .- 1s capable of
inhibiting growth and promoting migration of vascular
smooth muscle cells (VSMC).

When used for therapeutic purposes, the mvention Fatl .-
1s preferably 1n a pharmaceutically acceptable carrier.

By “pharmaceutically acceptable” 1t 1s meant a material
that (1) 1s compatible with the other ingredients of the com-
position without rendering the composition unsuitable for its
intended purpose, and (11) 1s suitable for use with subjects as
provided herein without undue adverse side effects (such as
toxicity, wrritation, and allergic response). Side effects are
“undue” when their risk outweighs the benefit provided by the
composition. Non-limiting examples of pharmaceutically
acceptable carriers include, without limitation, any of the
standard pharmaceutical carriers such as phosphate butfered
saline solutions, water, emulsions such as oil/water emul-
sions, microemulsions, and the like.

The above-described mutant Fatl ., can be formulated
without undue experimentation for administration to a mam-
mal, including humans, as appropriate for the particular
application. Additionally, proper dosages of the compositions
can be determined without undue experimentation using stan-
dard dose-response protocols.

Although the Fatl .- can be easily formulated for oral,
lingual, sublingual, buccal, intrabuccal, rectal, or nasal
administration, 1t 1s preferred that they be formulated for
parenteral administration, such as for example, by intrave-
nous, itramuscular, intrathecal or subcutaneous injection,
since that 1s the most preferred route of administration of
these proteins. Parenteral administration can be accom-
plished by incorporating the compounds into a solution or
suspension. Such solutions or suspensions may also include
sterile diluents such as water for injection, saline solution,
fixed oils, polyethylene glycols, glycerine, propylene glycol
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or other synthetic solvents. Parenteral formulations may also
include antibacterial agents such as for example, benzyl alco-
hol or methyl parabens, antioxidants such as for example,
ascorbic acid or sodium bisulfite and chelating agents such as
EDTA. Buflers such as acetates, citrates or phosphates and
agents for the adjustment of tonicity such as sodium chloride
or dextrose may also be added. The parenteral preparation can
be enclosed 1n ampules, disposable syringes or multiple dose
vials made of glass or plastic.

The 1invention 1s also directed to an intracellular domain of
a mammalian Fatl (Fatl,.), the intracellular domain com-
prising amino acids equivalent to amino acids 4199-4598 of a
wild-type mouse Fatl having the amino acid sequence of
SEQ ID NO:1, where the extracellular domain does not com-
prise the entire mammalian Fatl.

Preferably, the invention Fatl ;- 1s a mouse Fatl having an
amino acid sequence at least 95% 1dentical to SEQ 1D NO:1.

More preferably, the Fatl 1s a human Fatl having an amino
acid sequence at least 95% 1dentical to SEQ ID NO:2. Most
preterably, the Fatl, . 1s capable of inhibiting both growth and
migration of vascular smooth muscle cells (VSMC).

The Fatl , - here can further usetully be fused to an amino
acid sequence to make a fusion protein capable of localizing
the Fatl, . to a cell membrane. See Example. Preferably, the
fusion amino acid sequence 1s a transmembrane region of an
interleukin 2 receptor a-chain.

When used for therapeutic purposes, the invention Fatl .-
1s preferably 1n a pharmaceutically acceptable carrier, as
described above.

The above-described invention Fatl .~ and Fatl, . can also
be provided as a vector for transiection of mammalian cells.
Thus, the mvention 1s additionally directed to a vector com-
prising a nucleic acid sequence encoding the above-described
Fatl ..., where the vector 1s capable of expressing the Fatl .. -
in a mammalian cell.

Also, the invention 1s directed to a vector comprising a
nucleic acid sequence encoding the above-described Fatl, -,
wherein the vector 1s capable of expressing the Fatl,- 1n a
mammalian cell.

The above Fatl .~ can be applied to a vascular stent. Such
a stent 1s useful for therapeutic applications (further discussed
below). The ability to inhibit growth of VSMCs but not endot-
helial cells 1s usetul for insertion into a blood vessel or vein
where there 1s a risk for restenosis, since having an intact
endothelium reduces the risk for thrombosis when compared
to the common drug-eluting stents, which also 1nhibit endot-
helial cells. Thus, the invention 1s further directed to a vascu-
lar stent coated with the above-described Fatl, . that 1s
capable of inhibiting growth and promoting migration of
VSMC.

The benefits of the Fat. ~coated stents discussed immedi-
ately above can also be achieved by 1nstead coating the stent
with a Fatl ligand that activates Fatl. Thus, the invention 1s
also directed to vascular stents coated with a Fatl ligand that
activates Fatl. The Fatl -activating ligand can be identified by,
¢.g., screening a library of compounds for the ability to acti-
vate Fatl. Preferably the library comprises antibodies (e.g.,
monoclonal antibodies or phage display antibodies). A pre-
ferred Fatl ligand 1s an antibody, e.g., 1identified by that
screening procedure.

The above compositions are particularly useful 1n methods
ol treating patients that have undergone angioplasty, bypass
surgery or other similar procedures. In one aspect of thera-
peutic methods, the mvention 1s directed to a method of
treating a patient at risk for restenosis of a blood vessel, the
method comprising inserting the above-described vascular
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stent coated with the Fatl .~ 1nto the blood vessel at the site of
the risk. Preferably here, the blood vessel 1s an artery, most
preferably a coronary artery.

The 1nvention 1s also directed to a method of treating an
injured blood vessel 1mn a patient. The method comprises
administering the above-described Fatl, -~ or the above-de-
scribed Fatl ;- vector to the injured blood vessel 1n a manner
suificient to treat the injured blood vessel. Where the vector 1s
used, 1t 1s administered such that 1t can transfect VSMC cells
in the blood vessel. In these methods, the administered
Fatl, -, or the Fatl ,. synthesized from the vector, 1s usetul 1n
preventing restenosis due to the ability of the Fat1,, to inhibait
VSMC proliferation. Optionally, the Fatl ;- can further com-
prise the above-described amino acid sequence that targets

the Fatl ;- to the cell membrane. Preferably, the blood vessel

1s an artery or vein used in a coronary artery bypass surgery.

The invention 1s additionally directed to a method of treat-

ing a patient at risk for restenosis of a blood vessel or having

an mjured blood vessel. The method comprises administering
to the patient a vector encoding a Fatl having an amino acid
sequence at least 90% 1dentical to SEQ 1D NO:1 or SEQ ID

NO:2, where the vector 1s capable of expressing the Fatl in

cells of the patient, and wherein the Fatl 1s capable of inhib-
iting growth and promoting migration of vascular smooth
muscle cells (VSMC). The Fatl expressed from the vector
would 1nhibit growth and facilitate migration of VSMCs.
Preferably here the Fatl 1s a human Fat1 having an amino acid
sequence at least 95% i1dentical to SEQ ID NO:2. More prei-
erably, the Fatl 1s a human Fatl having an amino acid
sequence at least 99% 1dentical to SEQ ID NO:2. The vector

1s also preferably administered to the patient during or after

coronary artery bypass surgery. Alternatively, the vector 1s

administered to the patient during or after angioplasty.

The invention 1s further directed to a method of treating an
injured blood vessel in a patient. The method comprises
administering a compound to the imnjured blood vessel, where
the compound specifically binds to Fatl and prevents the
ability of the Fatl to promote migration of vascular smooth
muscle cells (VSMC). Such an application 1s usetul to limit
migration and oppose VSMC accumulation 1n arterial neoin-
tima.

In some aspects of these methods, the compound com-
prises an antibody binding site. Preferably, the compound 1s
an antibody that has previously been shown to inhibit Fatl
activity. Such antibodies can be prepared without undue
experimentation. Alternatively, the compound 1s an aptamer.
These methods are most preferably used where the blood
vessel 1s an artery or vein used 1n a coronary artery bypass
Surgery.

Preferred embodiments of the invention are described 1n
the following examples. Other embodiments within the scope
of the claims herein will be apparent to one skilled in the art
from consideration of the specification or practice of the
invention as disclosed herein. It 1s intended that the specifi-
cation, together with the examples, be considered exemplary

only, with the scope and spirit of the invention being indicated
by the claims, which follow the examples.
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Example

The Fatl cadherin integrates vascular smooth muscle cell
growth and migration signals.

Example Summary

This Example 1s based on the publication Hou et al., 2006.
The significance of cadherin superfamily proteins in vas-
cular smooth muscle cell (VSMC) biology 1s undefined.
Described here are recent studies of the Fatl protocadherin.
Fatl expression in VSMCs increases significantly after arte-
rial mjury or growth factor stimulation. Fatl knockdown
decreases VSMC migration i vitro, but surprisingly,
enhances cyclin D1 expression and proliferation. Despite
limited similanty to classical cadherins, the Fatl cytoplasmic
domain (Fatl,~) interacts with p-catenin, inhibiting both 1ts
nuclear localization and transcriptional activity. Fatl under-
goes cleavage and Fatl,. species localize to the nucleus;
however, imhibition of the cyclin D1 promoter by truncated
Fatl,~ proteins corresponds to their presence outside the
nucleus, which argues against repression of [3-catenin-depen-
dent transcription by nuclear Fatl, . These findings extend
recent observations about Fatl and migration in other cell
types, and demonstrate for the first time 1ts anti-proliferative
activity and interaction with O-catenin. Because 1t 1s induced
alter arterial injury, Fatl may control VSMC functions central
to vascular remodeling by facilitating migration and limiting
proliferation.
Introduction

These studies show that Fatl expression increases after
injury of the rat carotid artery, and 1s positively regulated 1n
cultured VSMCs by several factors that promote cell prolii-
cration and migration. Interestingly, knockdown of Fatl
expression limits VSMC migration, but enhances VSMC
growth. This anti-proliferative eflect of Fatl appears to be
mediated by Fatl,~ sequences, since expression of a fusion
protein containing the Fatl, . inhibits cyclin D1 expression
and cell growth. Moreover, the Fatl,. can interact with
O-catenin, prevent 1ts nuclear translocation, and limait 1ts tran-
scriptional activity on both synthetic and native [3-catenin-
responsive promoters, including that of cyclin D1, a known
target of canonical Wnt signaling. These findings point to an
integrative role for Fatl 1n regulation of critical VSMC activi-
ties, in which 1t promotes migration and limaits both canonical
Wnt signaling and VSMC growth 1n the remodeling artery.
Results

Expression of Fatl Increases after Arterial Injury.

fat] mRINA expression was quantified by quantitative PCR
(qPCR) of cDNA samples from normal and injured rat carotid
arteries. Compared to uninjured arteries, fatl mRNA expres-
sion was ~8.5-, 13.0-, and 3.9-fold higher than control at 3, 7,
and 14 days after injury, respectively (FIG. 1A).

To localize Fatl protein expression in injured arteries, we
characterized rabbit antisera raised against a GST-Fatl, .
immunogen. Immunoblotting of VSMC lysates with one such
antiserum, but not preimmune serum, yielded a single high
molecular weight band of ~500 kD, 1n accord with the pre-
dicted size of full length Fatl (FIG. 1B). Further specificity
was demonstrated in RNA interference experiments directed
against multiple separate targets 1n the mouse Fatl sequence
(FIGS. 3 and 4). The antiserum was then used for immuno-
histochemical studies. As shown 1n FIG. 1C, prominent Fat]
staining appeared in the media 3 days after injury, while at 7
days and 14 days after injury, Fatl staining was less evident in
the media, but clearly present 1n the developing neoinitima.
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Western analysis of Fatl expression in the carotid artery
injury model, like our gPCR findings, showed a clear induc-
tion after injury (data not shown). To correlate Fatl expres-
sion with the proliferative status of specific cells, we co-
stained sections for Fatl and the proliferation marker PCNA.
While some cells appeared positive for both, we also noted
some spatial separation of the signals, particularly evident 1n
areas with limited neointimal formation, which showed
prominent Fatl staining without PCNA (FIG. 1C, upper
right). The latter observation raised the possibility that,
despite its overall induction after injury, increased Fatl
expression might have negative effects on VSMC growth 1n
vivo (FIG. 1C, upper right).

Serum and Growth Factors Induce Fatl Expression in
VSMCs.

To 1dentily factors that might contribute to Fatl induction
alter arterial mjury, 1ts expression was characterized in pri-

mary cultured VSMCs. Quiescent rat aortic smooth muscle
cells (RASMCs) (time O h) were treated with 10% FBS for 2,

6, 12, 18, 24, and 36 h, and the level of Fatl protein was
determined by Western analysis. The Fatl signal increased
strongly between 2 and 12 h and remained elevated through
36 h (FIG. 2A). To assess cell cycle status, we also checked
cyclin D1 expression in these lysates. Interestingly, Fatl
induction preceded the increase of cyclin D1, a mediator of
progression through the G1 phase of the cell cycle (FIG. 2A).

We then assessed Fatl expression 1n response to several
factors known to affect the vascular response to mjury. West-

ern analyses showed that expression of Fatl increased in
response to Angiotensin II (ATII), basic FGF (bFGF), and

PDGF-BB (FIG. 2B). Increased Fatl expression was appar-
ent by 2 h and sustained at high levels from 12 to 36 h after
stimulation with each of these factors. Thus, Fatl expression
1s regulated consistently and strongly by multiple factors
known to promote VSMC growth and migration.

Inhibition of Fatl Expression Limits VSMC Migration.

Two recent studies have described a role for Fatl in regu-
lation of epithelial cytoskeletal actin dynamics, planar polar-
ity, and migration, mediated through interactions of the Fatl
cytoplasmic domain with proteins of the Ena/VASP family
(Moeller etal., 2004 ; Tanoue and Takeichi, 2004 ). Fatl induc-
tion by known VSMC chemotactic factors (FIG. 2) suggested
that Fatl might also be involved in VSMC migration. To test
this and other potential Fatl functions, we developed reagents
to elfectively manipulate Fatl expression. Transiection of
mouse aortic smooth muscle cells (MASMCs) with Fatl spe-
cific small interfering RNAs (siRNAs), but not scrambled or
mismatch derivatives, resulted 1n significantly decreased lev-
¢ls of Fatl protein (FIG. 3A). To 1solate and augment signals
mediated by the Fatl,., we generated a cDNA construct,
IL.2R-Fatl,., in which the entire Fatl cytoplasmic domain
was fused to the extracellular domain and transmembrane
region of the interleukin 2 receptor x-chain (IL2R), with or
without a C-terminal FLAG epitope tag (FIG. 3B). Subcellu-
lar localization of this fusion protein was tested 1n 313 cells,
which do not express detectable Fatl, and A7r5 VSMCs,
which express moderate amounts of endogenous Fatl; both
transtected 313 and A7r5 cells showed an appropniate cell
surface signal when stained with anti-FL AG epitope antibody
(FIG. 3B and data not shown). Cell migration 1n monolayers
treated with specific Fatl siRNA was modestly but signifi-
cantly decreased compared with control siRNA (FIG. 3C),
which indicates that Fatl expression 1s required for optimal
VSMC migration. Surprisingly, we also found decreased
migration ol VSMCs expressing the IL2R-Fatl ;- protein in a
Transwell assay using FBS as a stimulant in the lower cham-

ber (FIG. 3D). Both expression ol Ena/VASP proteins in
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VSMCs, and the ability of the ILL.2R-Fatl , - protein to interact
with these signaling intermediates was confirmed (data not
shown). It 1s surmised that although the ILL2R-Fatl,. con-
struct may increase intracellular Fatl signaling, 1t also disso-
ciates Fatl extracellular interactions from this intracellular
signaling, and thus interferes with directional maigration.
Altogether, these findings indicate that Fat]l promotes VSMC
migration; it 1s likely that, as described 1n epithelial cells,
interactions with Ena/VASP proteins link Fatl expression to
VSMC cytoskeletal actin reorganization, polarization, and
migration.

Inhibition of Fatl Expression Promotes VSMC Growth.
In addition to increased migration, the VSMC response to
injury 1s characterized by cell cycle entry and increased pro-
liferation (Clowes et al., 1983a). To evaluate how Fat1 induc-
tion after injury might affect VSMC growth, the effect of Fat1
knockdown on expression of cyclin D1 (a marker of cell cycle
activation) was tested. Four distinct mouse Fatl siRNA
duplexes attenuated endogenous Fatl levels in MASMCs;
with each duplex, a significant increase in cyclin D1 expres-
s1on over control levels was also observed (FI1G. 4A and data
not shown). The similarity of effect achieved by multiple
distinct siRNAs argues strongly that increased cyclin D1
expression results from decreased Fatl, and not an ofi-target
elfect. The duration of Fatl inhibition was more than 90% at
2 and 3 days after transfection, with persistent and strong
inhibition still apparent after 6 days (FIG. 4B). Decreased
Fatl expression corresponded to increased cyclin D1 signal at
cach time point (2.0-2.5-fold increase of cyclin D1/actin ratio
vs. control), suggesting that endogenous Fatl exerts a tonic
inhibitory effect on cyclin D1 expression (FI1G. 4B). The level
of total p-catemin 1n these cells, by contrast, showed little
change.

The effect of Fatl knockdown on DNA synthesis was also
examined. Cells were transfected with Fatl or control siRNA,
and then serum deprived for 48 h prior to stimulation with
10% FBS and evaluation of BrdU incorporation. In Fatl
knockdown cultures, the fraction of BrdU positive cells was
significantly higher than 1 control siRNA cells (52+7% vs.
30+£8%, P<0.05) (FIG. 4C). These findings indicate that
decreased Fatl expression promotes cell cycle progression
and DNA synthesis 1n VSMCs.

The Fatl,~ 1s Suificient to Inhibit VSMC Growth.

Classical cadherins interact with intracellular signaling
pathways through their cytoplasmic domains (Wheelock and
Johnson, 2003a). To establish cell populations differing pri-
marily 1n their expression of the Fatl, ., the IL2R (without
cytoplasmic domain) and IL2R-Fatl ;- constructs were trans-
terred into the GFP-RV retroviral vector (Ranganath et al.,
1998). Viral supernatants were produced and used to trans-
duce A’7r5 and primary MASMCs. Additional control cells,
denoted RV, were produced using the unmodified GFP-RV
vector. Western analysis confirmed IL2R-Fatl, - expression
in A7r5S and MASMCs (FIG. 5A). Interestingly, endogenous
cyclin D1 levels were lower 1in both A7rS and MASMCs
expressing I[[.2R-Fat1, . (FIG.5A). In cell growth assays over
7 days, A'7rS cells expressing IL2R showed no significant
change from control RV cells, but decreased cell numbers
were evident in the IL2R-Fatl , - at all timepoints after 3 days
(FIG. 5B). In addition, both A7r5> and MASMCs expressing
the IL2R-Fatl, . construct showed significantly lower trac-
tions of BrdU-positive nuclel, indicating that this decrease in
cell number reflected growth inhibition rather than decreased
survival (FI1G. 5C). Fatl and 3-Catenin co-localize and inter-
act in VSMCs. In epithelial cells, classical cadherins such as
E-cadherin regulate Wnt signaling activity by physically
associating with f3-catenin at points of cell-cell contact
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(Nathke et al., 1994). The sequences, interacting proteins, and
functions of protocadherin cytoplasmic domains are typically
thought to be divergent from those of the classical cadherins
(Yagi and Takeichi, 2000), and Fatl 1s not regarded as part of
the classical cadherin system (Tanoue and Takeichi, 2005).
Nevertheless, we found that the Fatl, - has growth inhibitory
activity, and that expression of cyclin D1, a known target of
the canonical Wnt signaling pathway, correlated negatively
with Fatl,. expression. Together these findings suggested
that growth inhibition by Fatl might involve p-catenin. In our
immunofluorescent analyses of RASMCs (FIG. 6), Fatl
localized to both cell-cell junctions and cellular free edges,
while [-catenin was concentrated at sites of cell-cell contact.
By two color immunofluorescence analysis, we found areas
along cell-cell junctions where the two signals overlapped
(FIG. 6A). This overlap did not include the cellular free
edges, where Fatl alone was seen (FIG. 6B).

Junctional [3-catenin and Fatl have been 1dentified 1n epi-
thelial cells that display apical-basal polarity, but 1t 1s thought
that the two proteins occupy distinct domains, with [3-catenin
at apical adherens junctions and Fatl at basolateral points of
cell-cell contact (Tanoue and Takeichi, 2004; Tanoue and
Takeichi, 2005). VSMCs are non-polarized (Muller and Gim-
brone, 1986), so this model of apical-basal domain special-
ization may not apply. To test directly 1f Fatl and O-catenin
can 1nteract at physiologic levels of expression 1n VSMCs,
endogenous Fatl was immunoprecipitated. Recovery of
O-catenin was also determined. Both this assay and recipro-
cal co-immunoprecipitations of 3-catenin followed by immu-
noblotting for Fatl demonstrated interaction of the two pro-
teins (FIG. 6C). This finding suggests that the non-polarized
nature of VSMCs allows for protein-protein interactions not
tound in polarized cell types such as epithelial cells. Further
immunoblotting of Fatl immunoprecipitates with a pan-cad-
herin antibody did not reveal associated (classical) cadherins
that might associate with both Fatl and {3-catenin (data not
shown).

To characterize the Fatl-3-catemin interaction further, co-
immunoprecipitation assays were used in co-transiected
293T cells to map the sequences required for interaction. A

series ol constructs bearing deletions within the Fatl ;- por-
tion of the IL.2R-Fatl, -3 XFLAG were generated (FIG. 7A).

IL.2R-E-cadherin,-3XFLAG and IL2R-3XFLAG (contain-
ing no Fatl sequences) constructs served as positive and
negative controls, respectively. The expression of Myc-
tagged [3-catenin and FLAG-tagged fusion proteins was con-
firmed, as was immunoprecipitation of transiected Myc-
tagged [-catenin (FIG. 7B, lower panels). Interaction of
B-catenin with the IL2R-Fatl, -3XFLAG derivatives was
assessed by immunoblotting with FLAG antibody (FIG. 7B,
upper panel). A robust FLAG signal was obtained with the
IL2R-Fatl,~-3XFLAG construct containing the complete
Fatl,~ domain and with derivatives 1, III, and V. Weaker
signals were seen with constructs II and IV, which lack the
FC1 and both FC1 and FC2 domains, respectively. While
these findings based on overexpressed proteins must be inter-
preted with caution, they suggest that 3-catenin interacts with
the Fatl , - principally through the FC1 domain, but leave open
the possibility that the FC2 domain or additional sequences
also contribute to the interaction. Interestingly, the E-cad-
herin-based positive control yielded a comparatively strong,
band, despite mnput of substantially less protein.

Expression of the Fatl,. Affects [3-Catenin Cellular Dis-
tribution and Transcriptional Activity.

As noted above, changes 1n Fatl or Fatl,. expression
alfected expression of a O-catenin target gene, cyclin D1, but
had little effect on overall 3-catemin levels (FI1G. 4B). Having
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found evidence for co-localization and interaction of B-cate-
nin and Fatl in VSMC:s, 1t was postulated that Fatl might be
acting like a classical cadherin to atfect the subcellular local-
ization and activity of [3-catenin. This was first examined
using immunocytochemistry. Expression plasmids encoding,

IL2R or IL2R-Fatl,~ were introduced mto VSMCs, which
were subsequently treated with LiCl (20 mM) for 6 h to
activate Wnt signaling and promote nuclear translocation of
3-catenin (Hedgepeth et al., 1997). The intensity of nuclear
3-catenin staining did not appear to be atfected by expression
of IL2R (arrows, FIG. 8A, upper panel). In contrast, nuclear
accumulation of 3-catenin appeared decreased 1n the IL2R-
Fatl,~expressing cells (arrows, FIG. 8A, lower panel), as
compared with untransiected cells. To assess this eflect 1n a
more quantitative way, the distribution of P-catenin was
determined in the membrane, cytoplasmic, and nuclear frac-
tions of IL2R-GFP-RV and IL2R-Fatl,.-GFP-RV trans-
duced VSMC cultures treated with LiCl. As shown 1n FIG.

8B, immunoblotting showed a relative decrease in nuclear
3-catenin accumulation 1n cells expressing IL.2R-Fatl, ., as
compared with those expressing IL2R (respective nuclear

B-catenin/lamin A/C ratios 0.8 (IL2R-Fatl,-) vs 1.65
(IL2R)).

To assess further the functional significance of the Fatl -[3-
catenin interaction in VSMCs, we tested the effect of Fatl, .
overexpression on [P-catemin-mediated transcription. A7r5
cells were co-transtected with 3-catenin and/or IL2R-Fatl .,
along with the TCF-luciferase reporter construct Toptlash or
its negative control, Foptlash (FIG. 9A). Topflash reporter
activity reflects activation of the canonical Wnt signaling
pathway, [3-catenin nuclear translocation, and formation of
TCF/3-catenin heterodimers; Foptlash contains mutated TCF
binding sites and serves as a control for non-specific activa-
tion (Korinek et al., 1997). A full-length N-cadherin cDNA
and the IL2R-E-cadherin, . construct were also tested as con-

trols. Specific activation of Topflash by {3-catemin was ~10-
fold above basal levels, and the three test constructs all inhib-

ited this activation significantly. Interestingly, the inhibition
due to both IL2R-Fatl,~ (40%) and N-cadherin (55%) was
less complete than that resulting from co-transfection of

IL.2R-E-cadherin,., which abolished all p-catenin-mediated
transactivation. We also evaluated the effect of decreased Fat1
expression. Immunocytochemistry of LiCl-stimulated
MASMCs suggested a relative enhancement of nuclear
O-catenin staining in Fatl-depleted cells (F1G. 9B). To assess
this observation more quantitatively, we transiected
MASMC:s first with control or Fatl-specific siRNA and then
with the Topflash reporter. As shown in FIG. 9C, LiCl-stimu-
lated TCF/p-catenin transcriptional activation was ~30%
higher 1n Fatl knockdown cells compared with control.

As shown 1 FIGS. 4 and 5, cyclin D1 levels varied
inversely with the level of Fatl, . expression. The cyclin D1
promoter 1s a known transcriptional target of Wnt signaling
and activated TCEF/p-catenin complexes (Shutman et al.,
1999; Tetsu and McCormick, 1999), so we postulated that
Fatl,~ might also inhibit the native cyclin D1 promoter.
VSMCs were co-transiected with 3-catemin and/or IL2R-
Fatl, -, along with the cyclin D1 promoter-luciferase reporter
construct (Herber et al., 1994). N-cadherin and the IL2R-E-
cadherin, - fusion protein were also tested. Most of the [3-cate-
nin-mediated activation of the cyclin D1 promoter reporter
was eliminated by IL2R-Fatl,. or N-cadherin expression
(FIG. 9D). Consistent with the Toptlash results, IL2R-E-
cadherin,~was more effective, as 1t decreased promoter activ-
ity to a level below baseline.
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Inhibition of B-Catenin Activity Depends on Extranuclear
Localization of the Fatl ..

Fatl 1s a type I transmembrane protein, and immunotluo-
rescence studies with antiserum specific for Fatl ;- sequences
showed expression at the cell surface, as expected (FIG. 6).
We also noted consistent signals 1n the cell nucleus with this
antiserum. This observation, together with a recent report of
localization of Fatl cytoplasmic sequences to the nucleus
(Magg et al., 2003), raised the possibility that inhibition of
3-catenin by Fatl might result from a nuclear (transcriptional
repressor) function of a cleaved Fatl, . fragment, rather than
sequestration of O-catenin outside the nucleus. Indeed, 1ncu-
bation without proteinase inhibitors of extracts of A7rS cells
expressing both native Fatl and the IL.2R-Fatl, . fusion pro-
tein showed the disappearance of these full length proteins

and rapid appearance of a single, relatively stable species of
~50 kD (FIG. 10A). Because the N-terminus of this cleaved

product 1s not yet defined, we designate 1t as Fatl,.*; its
apparent size 1n SDS-PAGE suggests that it contains most, 1f
not all, of the ~400 aa Fat1,. domain.

Like human Fatl,~ (Magg et al., 2005), the mouse Fatl ;-
contains a potential nuclear localizing sequence (NLS) (RK-
MISRKKKR) near 1ts N-terminus. The efiect of this
sequence on Fatl,. localization was tested by immunocy-
tochemical analysis of A7rS cells transfected with FLAG-
tagged expression constructs that retain (Fatl, 4o 4<5~) OF
exclude (Fatl,,,, 4s5-) the NLS motit. Fatl,, s, <4~ local-
1zed almost exclusively to the nucleus, while Fatl 5, 455~
was apparent in the nucleus and prominent throughout the
cytoplasm (FIG. 10B).

To evaluate these findings 1n the context of Fatl-mediated
VSMC growth inhibition, these Fat1, . derivatives were tested
for effects on cyclin D1 promoter activity. The IL2R-Fatl,.
fusion protein yielded significant inhibition of p-catenin-me-
diated cyclin D1 promoter activation (FIG. 9D, above);
Fatl ;.4 455, but not Fatl,,qo 4<4-, retained this mhibitory
elfect (FIG. 10C). Both Fatl 4, .5~ and Fatl, s 44~ are
present in the nucleus, but the former has a cytoplasmic
distribution not shared by Fatl,, ., .-<-; hence, we attribute
this 1nhibitory effect on [3-catenin to the extranuclear pres-
ence of Fatl ., 4cq-

Discussion

Fatl 1s expressed widely during mouse and rat develop-
ment (Cox et al., 2000; Ponassi et al., 1999), notably 1n areas
with high levels of cellular proliferation. Although in situ
hybridization of rat embryos demonstrated expression of fatl
mRNA 1n the developing aortic outtlow tract (Ponassi et al.,
1999), the significance of Fatl 1n vascular tissues has not been
explored previously.

We found relatively low expression of Fatl in normal adult
rat carotid arteries, and substantially increased levels during
the first few days after injury (FIG. 1A). Immunohistochemi-
cal analyses (FIG. 1C) showed prominent Fat] staining first in
the mjured arterial media, and subsequently 1n the neointima,
a pattern of expression similar to that of VSMC proliferation
in this model (Clowes et al., 1983b). Interestingly, areas of
attenuated neointimal formation showed prominent Fatl and
decreased PCNA staining, providing an initial suggestion that
Fat]l might act to limit VSMC proliferation in vivo (FIG. 1C).
Nevertheless, Fatl levels 1in cultured VSMCs increased in
response to serum and several factors known to promote
VSMC activation and neointimal formation, including ATTI

(Powell et al., 1990), PDGF-BB (Ferns et al., 1991), and
bFGF (Lindner and Reidy, 1991) (FIG. 2). This expression
pattern contrasts with that described for N-cadherin, which
decreases after stimulation of VSMC with serum or PDGF -
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BB (Uglow et al., 2003), and that of R-cadherin, which
decreases substantially 1n the first few days atter injury (Slater
ct al., 2004).

To evaluate how induction of this very large protocadherin
might affect the response to vascular injury, we tested the
elfect of Fatl on VSMC muigration and proliferation, two of
the key cellular functions activated 1n this setting. Both loss of
Fatl expression and expression of the IL2R-Fatl,,. fusion
protein attenuated VSMC migration (FIG. 3). In the context
of recent reports regarding Fatl function in epithelial cells
(Moeller et al., 2004 ; Tanoue and Takeichi, 2004 ), these find-
ings suggest that increased Fatl expression facilitates VSMC
migration by providing directional cues and stimulating actin
cytoskeletal remodeling through its interactions with proteins
of the Ena/VASP family. Together with the Fatl knockdown
results, inhibition of migration by the IL.2R-Fatl,. fusion
protein suggests that dissociation of Fatl extracellular inter-
actions from Fatl,--mediated intracellular signaling inter-
teres with directional migration.

Despite the induction of Fatl in the proliferative phase
alter injury and 1n response to growth factor stimulation of
cultured cells, our results 1n both loss- and gain-of-function
studies (FIGS. 4, 5) suggest that Fatl opposes VSMC prolif-
eration. Loss of growth suppression resulting 1n imaginal disc
overgrowth 1n Drosophila led to 1dentification of Fat (Ma-
honey et al., 1991), the founding member of the cadherin
subfamily that includes mammalian Fat1l. While recent analy-
ses indicates that mammalian Fatl 1s more closely related to
Drosophila Fil (Castillejo-Lopez et al., 2004) than to Fat, a
growth regulatory function has yet to be described for Fil.
Altered growth characteristics were also not identified in
mouse Fatl —/- neural progenitors and embryonic skin (Ciani
et al., 2003). Thus, our findings in VSMCs may retlect cell
type-specific differences in the expression of cadherins or
other protocadherins functionally redundant with Fatl, or
differences 1n the level of 3-catenin expression. In either case,
the results of Fatl knockdown studies indicate that in
VSMCs, endogenous levels of Fatl expression are suificient
to limit cyclin D1 expression (FIG. 4) and [3-catemin-medi-
ated transcription (FI1G. 9), while our gain-of-function studies
(FIG. 5) suggest that decreased cyclin D1 expression and cell
growth are likely physiologic consequences of Fatl induc-
tion. Cyclin D1, a known TCF/3-catenin target gene (Shtut-
man et al., 1999; Tetsu and McCormick, 1999), plays a criti-
cal role 1n regulation of G1 phase progression and G1/S cell
cycletransition (Jiangetal., 1993; Resnitzky etal., 1994 ), and
the level ol 1ts expression 1s closely controlled. Increased Fat1
expression 1n response to imjury probably acts to slow VSMC
proliferation, at least in part by decreasing cyclin D1 expres-
S1011.

Signaling by classical cadherins has been studied exten-
stvely, but the mechanisms of protocadherin signaling are not
well understood. The intracellular portion of Fatl shows lim-
ited similarity to classical cadherin cytoplasmic domains,
with 30 01137 (22%) residues matching consensus in the FC1
domain and 28 of 84 (33%) residues matching consensus 1n
the FC2 domain (Dunne et al., 1995). Although Tanoue and
Takeichi described partial co-localization of Fatl and j-cate-
nin 1n immortalized epithelial cell lines, they found more
O-catenin 1n apical lateral cell contacts and more Fatl in basal
lateral cell contacts (Tanoue and Takeichi, 2004), and con-
cluded that Fatl does not participate 1n the classical cadherin
system (Tanoue and Takeichi, 2005). Interestingly, these find-
ings are consistent with the observation that i polanzed
epithelial cells, complexes forming between adjacent cells
vary 1n composition according to their apical vs. basal posi-

tion (Johnston and Gallant, 2002). Thus our findings in
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VSMCs, which are morphologically and biochemically non-
polarized (Muller and Gimbrone, 1986), may differ because
of the lack of apical-basal specialization 1n this cell type. In
immunocytochemical studies, we found that p-catenin and
Fatl co-localized 1n a junctional pattern at points of contact
between VSMCs (FIG. §5); Fatl staining was also observed at
cellular free edges, while O-catenin was not.

It 1s believed that a physical interaction between endog-
enous Fatl and O-catenin has not been demonstrated previ-
ously. Clear evidence was found that these proteins interact at
physiologic levels of expression. Transfection studies with
the IL2R-Fat1, . fusion protein indicated that, despite limited
similarity to the [-catenin-interacting domains of classical
cadherins, the Fatl,. domain was sufficient for this interac-
tion (FIG. 7). While mapping studies suggested that the Fatl
FC1 domain was most important for the p-catenin-Fatl inter-
action, deletion of other domains within the Fatl,. also
decreased the amount of protein co-immunoprecipitation,
indicating that sequences both within and outside of the rela-
tively conserved FC1 and FC2 domains may contribute to
B-catenin-Fatl interaction. Interestingly, the FC1 domain
corresponds to the area of greatest similarity (54/196 aa 1den-
tity, (27%)) with the Drosophila Ftl cytoplasmic domain; its
role in the O-catenin-Fatl interaction described here suggests
that Ftl may be capable of interaction with armadillo, the
Drosophila homologue of [3-catenin.

The IL2R-Fatl,. chimera allowed functional analyses
without confounding effects attributable to increased expres-
sion of the Fatl extracellular domain. Expression of IL2R-
Fatl -, but not a control protein lacking the Fatl,~ domain,
decreased nuclear translocation of O-catenin (FIG. 8), and
inhibited {3-catenin transactivation of both synthetic (Top-
flash) and native (cyclin D1) TCF-dependent promoters (FIG.
9). Although we found evidence of Fatl cleavage resulting 1n
a Fatl ,-* fragment that may localize to the nucleus (FI1G. 10),
only a defined Fatl,. fragment lacking the NLS (aa 4189-
4198) reproduced the inhibitory effect of the IL2R-Fatl,, .
fusion protein. This result suggests that inhibition of 3-cate-
nin transcriptional activity 1s mediated by Fatl , - outside the
nucleus, and 1s not due to Fatl , - peptides in the nucleus. Thus,
it remains to be determined 1f cleavage and nuclear translo-
cation of Fatl,~ underlies a specific function, perhaps as a
chaperone or transcriptional regulator, or 1f 1t 1s important as
a means to mactivate Fatl-mediated mhibition of p-catenin.
Our studies to date indicate that the interaction of Fatl cyto-
plasmic sequences with 3-catemin has consequences for over-
all regulation of VSMC growth. The underlying mechanism
appears similar to that described for classical cadherin-medi-
ated sequestration of p-catenin in epithelial cells (Orsulic et
al., 1999), but 1n the case of the protocadherin Fatl, this
mechanism may be operative only 1n non-polarized cells such
as VSMCs.

These findings suggest that increased expression of Fatl
alter vascular injury facilitates migration and opposes prolii-
eration of VSMCs. The former effect likely mvolves Fatl
interaction with Ena/VASP proteins, as described 1n other cell
types (Moeller etal., 2004; Tanoue and Takeichi, 2004), while
the latter effect relies on decreased nuclear accumulation of
3-catenin (this study). Interestingly, Fatl, -~ interaction with,
and inhibition of O-catenin both appeared less robust than
that observed with classical cadherin sequences (F1IGS. 7, 9),
suggesting that Fatl may be less efficient than the classical
cadherins at sequestering {3-catenin. Fatl induction after
injury and by growth factors contrasts with the expression
pattern of other cadherins found in VSMCs. Together, these
observations suggest that Fatl may guide VSMC migration
while remaining relatively permissive of growth in settings
when VSMC proliferation 1s necessary for vascular reparr.
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Drosophila Fil 1s thought to use 1ts exceptionally large extra-
cellular domain to promote epithelial cell separation during
formation of tubular organs 1n embryogenesis (Castillejo-
Lopez etal., 2004); 1t may be that mammalian Fatl, by virtue
of 1ts similar structure, may expedite circumierential distri-
bution of VSMCs around the injured artery. Altogether, it 1s
tempting to speculate that Fatl limits VSMC proliferation
while providing directional migration cues important during,
vascular remodeling, providing an integrative function that
may oppose the formation of hyperproliferative cellular clus-
ters. Finally, though expression of Fatl in human vascular
disease has not yet been evaluated, it 1s possible that loss of
Fatl-mediated negative regulation could contribute to VSMC
hyperplastic syndromes such as restenosis, transplant arteri-
opathy, or vein grait disease.

Materials and Methods

Rat Carotid Artery Balloon Injury.

All procedures were 1 accordance with institutional
guidelines. The rat carotid artery balloon 1njury model was
implemented as described (Sibinga etal., 1997). Briefly, male
Sprague-Dawley rats (20 1n total, Zivic-Miller) weighing 350
to 400 g were anesthetized with ketamine (40 mg/kg) and
xylazine (5 mg/kg). The left common carotid artery was
denuded of endothelium and stretched by three passages of a
2F embolectomy catheter according to standard protocols. At
3,7 and 14 days after injury, animals were reanesthetized and
killed, and carotid arteries were harvested and snap-frozen in
liquid nitrogen for RNA and protein extraction, or fixed with
4% PFA and processed for paraffin embedding for immuno-

histochemical analysis.
qPCR.

A cDNA fragment 1identified 1n differential mRNA display
analysis of the rat carotid artery imjury model (Sibinga et al.,
1997) was cloned, sequenced, and subjected to BLAST
analysis, which revealed homology of the sequence fragment
with the 3' end of the rat Fatl ORF (Genbank NM__031819).
Total RNA was extracted from vascular tissues by homogeni-
zation 1n TRIzol (Invitrogen), treated with DNase 1 (1 U/ul,
Promega), and used for first-strand cDNA synthesis. The
mRNA levels were quantified in triplicate by qPCR 1n the
Mx3000P Real-Time PCR System with the Brilliant SYBR
Green qPCR kit (Stratagene). Rat Fatl specific primers for
qPCR were 5'-CCCCTTCCAACTCTCCCTCA-3' ({forward)
(SEQ ID NO:3) and 5'-CAGGCTCTCCCGGGCACTGT-3'
(reverse) (SEQ ID NO:4). PCR cycling conditions included
10min at 95° C. for 1 cycle followed by 45 cycles at 95° C. for
30 s, 60° C. for 30 s, and 72° C. for 60 s. Dissociation curve
analysis confirmed that signals corresponded to unique
amplicons. Expression levels were normalized by glyceral-
dehyde-3-phosphate dehydrogenase (GAPDH) 1n RNA lev-
¢ls for each sample, obtained from parallel assays and ana-
lyzed using the comparative AAC, method (Bustin, 2000).

Western Analysis.

Fat1-specific antisera were raised in rabbits. A cDNA frag-
ment encoding mouse Fatl aa 4434-4587 was generated by
PCR and cloned in frame with GST 1n the pGEX-2T plasmad.
The resultant fusion protein was expressed 1n bacteria, puri-
fied by GST-sepharose atlinity chromatography (Pharmacia),
and used as an immunogen 1n a standard rabbit 1njection
protocol (Cocalico Labs). Fatl-specific antiserum was puri-

fied by aflinity chromatography performed sequentially on a
GST column and a GST-Fatl column. Antiserum specificity
was evaluated by Western analysis of GST-Fatl fusion pro-

tein and whole cell lysates from RASMCs (1:5000 dilution).
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Other mouse antibodies used were anti--catenin (1: 100, E-5,
Santa Cruz), anti-cyclin D1 (1:100, DCS-6, NeoMarkers),
anti-FLAG M2 (1:5000, Sigma), and anti-c-myc (1:230,
OE10).

For protein analyses, cells or vascular tissue samples were
homogenized and extracted in RIPA bulifer with or without
protease mhibitors. Whole cell lysate (30 ug) was separated
by electrophoresis through 3-8% Novex Tris-acetate or
4-12% Bis-Tris polyacrylamide gels (Invitrogen) and trans-
terred to Immobilon-P membrane (Millipore). After blocking
in TBST (Tris pH 8.0, NaCl 150 mmol/L, and 0.1% Tween-
20) plus 4% (w/v) non-fat milk, blots were incubated over-
night at 4° C. with primary antibodies. The blots were then
incubated with HRP-conjugated secondary antibody and
activity was visualized by enhanced chemiluminescence
(ECL, Amersham). Equivalent protein loading was evaluated
with anti-a-tubulin (1:500, NeoMarkers), anti-lamin A/C
(1:100, N-18, Santa Cruz) or anti-actin (1:100, C-11, Santa
Cruz) antibodies.

Immunohistochemistry.

Rat carotid arterial sections (5 um) were incubated over-
night with anti-Fatl antiserum (1:2000), washed extensively,
and incubated with a 1:3500 dilution of secondary antibody
(biotinylated goat anti-rabbit IgGG, DAKQO). Slides were 1ncu-
bated with avidin and biotinylated HRP, developed with a
peroxidase substrate solution (DAKQO), and counterstained
with hematoxylin (Fisher). Specificity of staining was con-
firmed by omission of the primary antibody. PCNA staining
was performed with anti-PCNA (1:100, PC 10, LabVision),
alkaline phosphatase-conjugated goat anti-mouse secondary
antibody (1:200), and visualization with BM Purple substrate
(Roche). Images were obtained using an Eclipse E600 micro-
scope, 40x/NA 0.75 Plan objective, and Coolpix 5400 camera

(N1ikon).

Cell Culture.

Primary culture RASMCs were prepared as described
(Sibing a et al., 1997) and maintained in Dulbecco’s MEM
(DMEM, Invitrogen) containing 10% FBS (HyClone), 100
U/mL penicillin, 100 ug/mlL streptomycin, and 10 mmol/L
HEPES (pH 7.4, Sigma). RASMCs were passaged every 3 to
5 days, and used between 4 and 8 passages from harvest.
Primary culture MASMCs were harvested from the aortas of
12 week old male FVB mice by enzymatic dissociation,
evaluated by immunocytochemical analysis by using o
smooth muscle actin antibody (1:400, Clone 1A4, NeoMar-
kers) and maintained in DMEM containing 10% FBS, 100
U/mL penicillin, and 100 ug/mL streptomycin. MASMCs

were passaged every 2 to 4 days, and used between 4 and 8
passages Irom harvest. The A7r5 embryonic RASMC, 373,

and 293 T cell lines (American Tissue Type Collection) were
cultured in DMEM containing 10% FBS. ATII was obtained
from Sigma, and bFGF and PDGF-BB from Collaborative
Biomedical. In stimulation experiments, the cells were made
quiescent by incubation 1n medium containing 0.4% horse
serum for 72 h prior to addition of the FBS or growth factor.
Control cultures recerved an equivalent amount of vehicle.
Whole cellular protein was extracted at designed time points.

RNA Interference.

The mouse Fatl short interfering RNA (siRNA) templates
were comprised of 19 bp sense sequences derved from Gen-
Bank Accession AIJ250768 (position 4881, 3'-GGAC-
CGAAGTCACCAAGTA-3' [SEQ ID NO:3]; position 5126,
S-GCGACGCATTTAACATTAA-3' [SEQ ID NO:6]; posi-
tion 6432, 5'-GCATGACACTTTAAATAAA-3' [SEQ ID
NO:7]; position 7296; S'-GTCTGGCAATGATCATAAA-3")
[SEQ ID NO:8] followed by a 9 bp loop sequence, a 19 bp

antisense sequence, and a 17 promoter sequence. Control
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siRNAs included scrambled (GTAACCATAAACAG-
GCATT—SEQ ID NO:9) and mismatched (GTCTG

ATAATGCGCATAAA—SEQ ID NO:10) dentvatives of the

7296 sequence, and an unrelated siRNA based on the Renilla
luciterase sequence. siIRNA was transcribed 1n vitro using the

T7-MEGAshortscript™ kit (Ambion), and transiected with

X-tremeGENE Reagent (Roche) according to manufacturer
recommendations. Fatl knockdown efficiency was assessed
by Western analysis.

cDNA Constructs.

The mouse Fatl, . cDNA was generated by RT-PCR with

primers containing HindIII and Xbal sites (underlined) to

facilitate cloning: forward S'-
AAGCTTCTCTGCCGGAAGATGATCAGTCGG-3" (SEQ

ID NO:11) and reverse S'-
TCTAGACACTTCCGTATGCTGCTGGGA-3' (SEQ 1D
NO:12). The product was subcloned mto the p3XFLAG-
CMV-14 expression vector (Sigma). The IL2R expression
construct (LaFlamme et al., 1994) was used to construct a
chimeric cDNA encoding the IL2R extracellular and trans-
membrane domains and the Fatl,~, with or without an in

frame 3XFLAG tag (IL2R-Fatl,-3XFLAG and IL2R-
Fatl, ., respectively). The IL.2R-E-cadherin, -3XFLAG con-

struct was produced using a similar strategy. The truncated
FLAG-tagged Fatl,. constructs, Fat, ¢54:s» and
Fatl ;. 455+, Were generated by PCR from the IL2R-Fatl , -
3XFLAG template using forward primers S'-CCATGGGC-
CTCTGCCGGAAGATGATCAGT-3' (SEQ ID NO:13) and
S'-CCATGGGCCAGGCTGAACCTGAAGACAAAC-3'

(SEQ ID NO:14) and the CMV 24 reverse primer; the result-

ing fragments were cloned into pcDNA3.1v5 (Invitrogen).

The FLAG-tagged N-cadherin and Myc-tagged {3-catenin

constructs were gifts from R. Hazan and R. Kemler, respec-

tively. All constructs were confirmed by sequencing.
Retrovirus Preparation and Transduction.

The retrovirus system used 1s based on the IRES-GFP-RV

constructs developed by K. Murphy (Washington University,
St. Louis) and Phoenix ecotropic packing cells provided by G.
Nolan (Stanford University). The IL2R-Fatl, cDNA was
inserted upstream of the encephalomyocarditis virus internal

ribosomal entry sequence (IRES) and green fluorescent pro-
tein (GFP) ORF in the GFP-RV vector. A7r5 cells, MASMC:s,
or RASMCs (5x10°) were infected with virus-containing
supernatant in the presence of polybrene (8 ug/mlL.). Control
cells transduced with virus encoding GFP alone or IL2R and
GFP were generated 1n parallel, and FACS analysis of retro-
viral transduced cell lines indicated similar levels of GFP
CXpression.

Cell Migration Assays.

Cell migration was assessed by 1) scratch wounding of
monolayers and 2) with Transwell 24-well cell culture 1nserts
with 8-um pores (Costar). For the former, MASMCs trans-
tected with control or Fatl-specific siRNA were grown to
confluence, and monolayers were denuded similarly using a
1000 ul pipette tip. Photomicrographs of the same fields were
obtained sequentially at 24 and 30 h after injury using a Nikon
TMS microscope, Plan 4x/NA 0.13 DL objective, and
Coolpix 5400 camera, and cellular progress was quantitated
by planimetry of the denuded area and converted to distance
migrated using NIH Image 1.63 software. For Transwell
assays, quiescent cells were harvested, counted, and added
(5x10%well) to the insert. Culture medium containing 10%
FBS as chemotactic agent was added to the lower chamber.
After 4 h, non-migrating cells were removed from upper filter
surfaces, and the filter was washed, fixed, and stained. Six
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randomly selected 200x fields were then photographed and
cells that had migrated to the underside of the filter were
counted.

Cell Proliferation Assays.
Cell number was evaluated with the CYyQUANT Assay

(Molecular Probes). Cells (2x10* per well) were plated in
6-well plates in DMEM containing 2% FBS, medium was
replaced every other day, and at each time point, triplicate
wells were washed with PBS and frozen at —80° C. Net
sample fluorescence was determined on a Victor 2 plate
reader (Wallac) and enumerated by reference to a standard
curve. For the bromodeoxyuridine (BrdU) incorporation
assay, cells plated on chamber slides (Becton-Dickinson)
were serum-starved (0.4% horse serum) for 48 h and then
stimulated with 10% FBS. BrdU (10 uM, Sigma) was added

to cells for 6 h prior to harvest at 24 h. Cells were washed 1n
PBS, fixed 1n 4% PFA, treated with HCI, and stained sequen-

tially with anti-BrdU antibody (1:200, Abcam) and Alexa

Fluor 555 conjugated secondary antibody (1:2000, Molecular
Probes). Cells were counterstained with DAPI (Molecular
Probes). Signals were visualized by fluorescence microscopy,
and the numbers of BrdU-positive and total nucle1 per field
calculated.

Immunocytochemistry.

Cells were plated on chamber slides 24 h prior to staining,
and then washed with PBS, fixed with PFA, blocked with 3%
normal goat serum, and incubated with anti-3-catenin (1:100)
and anti-Fatl (1:1000) antibodies. Specific staining was 1den-
tified with goat anti-mouse and chicken anti-rabbit IgG (Al-
exa Fluors, Molecular Probes). Expression of FLAG-tagged
proteins was detected using FI'TC-conjugated anti-FLAG M2
antibody (8 ug/ml, Sigma). After counterstaining with DAPI,
samples were mounted (Supermount medium, Biogenex) on
glass slides and signals were visualized using an Olympus
IX70 mverted fluorescent microscope equipped with 20x/NA
0.4 and 40x/NA 0.6 LWD objectives and standard fluorescent
filter sets, a Cooke Sensicam CCD camera, and IPLab soft-
ware (Scanalytics). Subsequent 1mage processing was per-
tormed using Photoshop 7.0 and Illustrator 10.0 (Adobe Sys-
tems). Routine control experiments included omission of the
primary antibodies. For Wnt pathway activation, cells were
treated with LiCl (20 mmol/L) for 6-12 h, and then stained
with anti-f3-catenin antibody and DAPI nuclear stain.

Co-Immunoprecipitation.

Deletions within the Fatl, - portion of the IL2R-Fatl, -
3XFLAG construct were engineered using the vector Xbal
site and 1ntroducing Nhel restriction sites (Quikchange
mutagenesis, Stratagene) in frame at the following positions
in the mouse Fatl aa sequence: 4187, 4244, 4395, and 4497.
The sequences between selected pairs of restriction sites were
excised, plasmids recircularized, and constructs confirmed by
sequencing. Plasmids were introduced into 29371 cells using
Lipofectamine 2000 (Invitrogen). Whole cell lysates were

harvested 24 I1 after transfection 1n lysis buller containing 50
mM Tris (pH7.4), 150 mM NaCl, ] mM EDTA, 0.5% Nonidet

P-40, 0.1% sodium deoxycholate, 1 mM Na,VO,, 1 mM NaF,
with protease nhibitors. Myc-tagged [3-catenin was immu-
noprecipitated by incubating 400 ug of precleared lysate with
2 ug of c-Myc antibody for 2 h at 4° C., followed by incuba-
tion with protein G agarose (Invitrogen) at 4° C. overnight.
For immunoprecipitation of endogenous proteins, RASMC
whole cell lysates were precleared and then imncubated with
anti-Fat1 antiserum, anti-p-catenin antibody, or normal rabbit
or mouse 1gG for 2 h at 4° C., followed by incubation with
protem G agarose overmght. The beads were washed and
immune complexes recovered by boiling in sample builer.
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Fatl and {3-catenin were detected by Western analysis, as
described above.

Cell Fractionation.

Membrane, cytoplasmic, and nuclear fractions were pre-
pared using the Compartment Protein Extraction Kit (Chemi-
con) according to the manufacturer’s instructions. Fraction-
ation and loading of proteins was evaluated by western
analysis with anti-lamin A/C antibody (Santa Cruz).

Analysis of Reporter Gene Activation.

A'lrS cells growing in DMEM supplemented with 10%
FBS were transfected transiently using Lipofectamine 2000
with [3-catemin, IL2R-Fatl,., Fat, s 4<s~-, Fatl .o 454+ OF
control expression constructs, along with the TCF wild type
(Toptlash) and mutated control (Fopilash) luciferase reporter
plasmids (Upstate Biotechnology), or cyclin D1 promoter
luciferase reporter (Herber et al., 1994). MASMCs were
transiected by Amaxa electroporation according to the manu-
facturer’s istructions. The total amount of transfected DNA

SEQ ID NO: 1.

Genbank acceggion NM 001081286
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was kept constant. Cell lysates were harvested 24 h after
transfection, and luciferase activity was determined using the
Glo-lysis bufler system (Promega) and the Victor 2 plate
reader. Luciferase activities were normalized to protein levels
for each well. The data shown represent transiections
repeated at least three times each.

Statistical Analysis.

Experiments were repeated at least three times. Data are
presented as meantSEM. Comparisons between 2 groups
were analyzed by Student’s t test, and comparisons between
3 or more groups were assessed by analysis of variance
(ANOVA) with a Bonterroni/Dunn post hoc test. Significance
was accepted for values of P<0.05.

Abbreviations List:

IC, intracellular; MASMC, mouse aortic smooth muscle
cell; gPCR, quantitative PCR; RASMC, rat aortic smooth
muscle cell; siRNA, small interfering RNA; VSMC, vascular

smooth muscle cell.
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Mouse Fatl amino acid sequence - deduced from Refseq

(gee algo Genbank NP 001074755.1)
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1621

1681

1741

1801

1861

1921
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2041

2101
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2221

2281

2341

2401

2461

2521

2581
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2701

2761

2821

2881

2941
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3241
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3361

3421

3481

3541

3601
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3721

3781

3841

3901

39601
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lktareldrs
alrigsfvgm
gtnmaglstn
adresnallv
aevaanvtvh
tegnigekfs
ftgdaysavv
fdreqgetfd
viryvtaidr
ggspatfsaev

tdgdpfsgft

nppvivgpsy

tglislvral
l1sehaahght
pfyslnvsvs
rdsgiyshvt
fctvnviltd
sesvkenlei
Jlprisepfy
rlkleksldh
venlpggsrv
erasyglikvv
1lsttdadte
tdgtfsskar
tytlfgsgae
ndnapeftae
giiglekhld
veedivigte
heyyltveat
addadgpsns
prvntttvni
tivesgndena
sihppailpl
liahrkldig
vywrnfgralr
vtdveelligv
vclckdgtep
fvkyrllene
levegnvakl

cmdsiylngg

vvckesalyv
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hgvdydlmvk
vsahsgssvm
ttvvvhvrde
vgivepsvhn
vidindcppv
mdhktgtiai
kensteartl
vvvevtkehe
dsgrngdihy
lvpitvmnka
infntgvvnv
sttlseasvi
dyveqgsqghri
vmcvracdad
dgvfrssarv
vhivndfakd
dndnapqfrs
nkltglittk
tytisedtpil
ettkwygfsi
lgirasdlds
asdhgekvqgl
elnrgvesyfi
vevkvldand
kfklnpdtge
pytitvient
relgavytlt
vigvyaasrd
dggtpslsdv
hihysiiegn
dvsdvndnap
fevnghgvll
eifitafgee
qyllnvsvtd
nilgvrkndi
rilevigklc
pvhhgcednp
nrlemklsmr
vildevhtasg

elplnnkpra

gtfcevsvnp
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atdkgdppms
velrdgnmgd
ndnppvitga
yviaidpttga
fskslyevsl
qnttglrsry
avitaignpl
psavahvvvk
vikehhdhfqg
mpviekafys
lapldfeshp
gtpvlgvrat
fvravdggmp
sgsdldkleys
nvtvmggnlh
rfyvndrgqgi
tkyevnigss
esliglenef
gteidlirve
larctlddye
ganggvmysl
sgtalvgvtv
tggdalggfa
nspvcektsy
lrtlalldre
epgtpltrvqg
lkavdgglpr
leanaeitvya
atvhinvtdi
qgspftidpv
lfsrdnysvi
taatikrkvk
yveggvigkih
gkfttvadit
givslgpsep
agldcpwkfc
cpagsecvad
lrtysshavv
tapgalktln

vahieewvdl

cssnpclygg

emtgvriavt
afninphsgs
eyagfisesa
irtvlisldye
llptvrgvnv
eltvrasdgr
neplfyriln
vt vedgndna
1gpsgdislk
aelpenigmh
avklsvratd
dsdsepnrgil
alssdvvvtyv
11lsgndhkst
spvihgneye
ftlekldret
aakgtsvvkv
ftffvravds
hggavlyilv
vvasidvesiqg
dgsqgdadiile
tdvndspprt
venvgsdwrv
sdtipedalp
egavynllvk
atdadtglnr
rltatgtvvv
1isgnehgkf
ndnspvfsqgd
rgevkvtkpl
1genkpvgfs
dhyllhvkva
atdgdvydtl
vhiggvtgem
hshldvllfv
dekvsvdenv
preekyscvce
myargtdysi
ldnyvifggh

shgclltate

tcmvdnggfv

vadnaspkft
litgraldfe
svnsvvltdr
ethafhftvqg
1tvnatdads
ftemasvkin
pdrrfkisht
pvivnlpyya
kgfehdtlnk
spvvhigans
sltgahaevt
syglignhsk
avtdlndnpp
lidretgiit
velaenaplh
paekvisirl
fasdadegsn
gsppresvvp
kgntpesnrd
vkdandnspv
sfainmetgw
taelivkgtvs
yvvkkpldreq
gk lvmgvsat
atdgggrscqg
kisysivesa
svldindnpp
sidsktgaif
tyttvvseda
dretisgytl
viklvvtdkd
dsgkpglssm
mysldphmdg
lnhtvairfa
ersggthvst

msthstarls

rgggfgkepyg
pglvevgsiq
lrgggtkhgr

dcssspedng

cgcrglytgl

skeysaeige
tlpmysltvqg
nvplviratd
vhdmgtprlf
kafsgvmysi
vkesresplk
sgvlsttgip
vvkvdaevgh
eylvtvvakd
peglkviysi
vdiivedind
shdhfhidsn
lfeqgvyear
lsnlrrhtlk
tlvvgvkasd
makdaggkva
advtyaiead
vyikilppev
effvidrgng
legspyeafi
ittlkeldhe
eddppggvia
kdsylltvta
dadirsnael
aailvltledv
dggfsiners
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alegpvitim

tvgaadngnp
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lfsvsstggk
nltpeefvgd
kgllhkings
fvtprhhrta
sgslitftgns
vndggwhavs
gagvasgfrg
gvenpsptgg

viffsfomet
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42601

4321
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44471

4501

4561

slfrcglspy
enthgsyhcn
rkmisrkkkr
dsrnnldrns
1gkpswdfdy
aapdlskprg
lesdfppppe
pnfypadmse

accevesevin
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csgevrgkhc
Jqaepedkrlg
fegsaipehp
dakvvdldpc
vhwdt sdwmp
dfpapdelpp
pagkggagens

msdyesgddg
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tcfdsldgav

edaspnhyvs

pttaflgrpy

efstfinpesm
lskkpleekp
svplpdigetf
lppefsdgfe

pPCrepytpyp

hfeevtippl

cqgcdsgfrge
tpwniglaeg
fdsklnkniy

hghrkavavc

sgpysaresl

pnyeaideht
sihpprdmpa

pgvgrnfeap

dsqgghtev

rcgsdideca
1giivifiagi
sdippdvpvr

svapnlpppp

sevgslsessfqg
plysadpnail
agslgsssrs

tlienmmnsvy

gqnpcrngalc
vilvmvivlic
pisytpsips
psnspsdsds
sescddnesl
dtdyypggyd
rgrinlngyl

astascsdvs

SEQ ID NO:2. Human Fatl amino acid sequence - deduced from Refseq
(see also Genbank NP_005236.2)

Genbank acceggion NM 005245 .23

1

61

121

181

241

301

361

421

481

541

601

661

721

781

841

501

O61

1021
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1321
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lo21

1681

1741

mgrhlallll
vylthpawev
kalekntnve
ngefyysftkd
akltvhieqga
gqagfrtvrsfp
kagpvkfekd
silepvkrqq
tvmslsavdp
sdwglpyrre
lvgyJglieagn
1tvaashklv
ptgigvkendg
drettdkytl
ligveatdkd
areepqglfst
gqvryslldhg
evvdvnenlh
vikigeetgv
epvyypelime
rkldreqgqgde
drernarrep

dilsikavdn
sveppgiplw
gviikvidtn
slkkfrldpa
wftassykgr
takeldrsng
sigsfvgmvt

nmaglstntt

1111 fghfgd
rykivsgdse
artkvrvqgvl
rtdmfaihpt
necapvitav
gskeykvkail
vyraelsefa
aahfelevtt
degengyvty
vevlatitln
eldffslnpn
nlgceetgva
pvgssvifmn
nitvydlgip
lgpnghvtys
vvvkvsledyv
egnfdvdkls
ppvissfvek
letsdrldre
nspkdvsvvqg
hilevtvtdn
lvhviatdkd
grpgkssttr
fditggnyds
dhrpgfstsk
tgslytsekl
vyesaavgsyv
aeydlmvkat
ahsgssvvye

vivhlgdend

sdgsgrleqt
nlfkaeeyil
dtndlrplfs
sgvivlitgrl
tlspseldrd
ggidwdshpf
ppntpvvmvk
sdrkastkvl
sianlnhvpf
nlndntplfe
sgvlslkrsl
kmlaekllga
stdldtgfng
gkaawrllhv
1vtdtdtfsi
ndnpptfipp
gavrivqgqgld
gtvkedapvg
stshywltvE
leafdpdsss
gsppkstiar
egpnaeisys
lhiewiskpk
hfdvdkgtgt
yvevvipedta
dheavhghtl
vigvtaldkd
dkgsppmsel
1kdgntgdaf

napvimgaey

plgfthleyn
gdfcflrirt
pteysvslpe
dyletklyem
payvaivtvdd
gynltlgakd
alpayshlry
vkvlgansnp
aldhftgavs
kincegtipr
mdglgakvst
nklhnggeve
klvyavsggn
vvvdandnpp
dsvtgvvnia
nyrvkvredl
fekkgvynlt
slvmtvsahd
atdggvvpls
ndklmykits
vivkildend
ledgnehgkf
pslepisfee
1ivakpldae
peteilgisa
tvmvrdgdvp
kgknaevlys
tsvrifvtia
dinphsgtii

tglisesasi

vtvgensaak
kggntailnr
ntairtsiar
ellaadrgmk
cdggangdia
kgtppgtfssv
vikstpgkak
peftgtavka
tsenldyelm
dlgvgedqitt
heslritatdg
diffdshsvn
edscfmidme
eflgesvyfve
rpldrelghe
pegtvimwle
vrakdkgkpv
edarrdgeir
sfieiyieve
agnpggffsih
nkpgflgkfy
fiepktgvvs
sfftftvmes
gksnynltve
vdgdeknkli
vkrnfarivv
lesgnignst
dnaspkftsk

tgkaldfetl

ngvvltdrnv

tvyvghpvkmg
evkdhytliv
veatdadigt
lygssglissm
slsivagdll
kvihvtspgf
fslnyntgli
afdenvpigt
prvytlrira
vealdadelq
enfatplyin
ahipgfrstl
tgmlkilspl
vsedkevhse
helkieardq
ahdpdlggsg
slsstcyvev
ysirdgsgvy
dvndnapdgts
pktglittts
kirlperekp
skrfsaagey
dpvahmigvi
atdgtttilt
vtlgssrdpl
nvsdtndhap
midpvlgsik
eysvelsetv
piytliiqggt

plviraadad
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2281
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2761
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3241
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3541
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3781
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3961

4021

4081

4141

4201

kdsnallvvh
vaanvtvhvi
gnigekfsmd
gqdvysavvke
reqgeafdvyv
ryvtavdrds
npafsaeviv
gdpfegftin
pviaggsyav
lisllrtldy
ehaphghfvt
yvslnlsvadg
sglyghvtyh
tvnviltddn
svkenleink
pkfsepfytt
kleksldhet
nlpggsrviqg
dnygikvvas
sttdadseel
gtfaskaive
tllgsgaekt
napefsadpy
1glekpldre
edilvgtevl
vvltveatdg
dadgpsnshi
vhtttvnidyv
vtgndekafe
vppallplei
ahkkldigqy
rnfgralrni
dieeligvri
lckegrcppv
kyrltenenk
vgsigvndgg
trhgrspgvyg
pcghggvenp
lytggrecqgls
lcenthgsvh

lcrkmisrkk
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1vepsvhtyf
dindcppvia
vktgaltvgn
nsteaetlav
vevteehkps
grngevhyvyl
pitvmnkamp
fntgvinvia
tlseasvigt
egqsrghtifv
cvkaydadss
virsstgvhv
1vndfakdrf
dnapgfratk
lsgvittkes
tvesedvpigt
tkwygfsila
lrasdadsgt
dhgekiqglss
nrgvtyfityg
vkvldandns
klnpdtgelk
altvfentep
lgavytlslk
gvyaasrdie
gtpslsdvat
hys1idgngg
sdvndnapvt
vhpqggvllts
fitssgeeys
llnvsvtdgk
lgvrrndigi
Invigklcag
hhgceddpcp
lemkltmrlr
whavalevng
ngfrgcemdsi
spaggvvckce
pvckdepckn

cncesheyrgr

khgaepkdkh
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aldsstgaih
kplyeaslll
ttglrsryel
ltaignpine
avahvvvkvi
kehhehfgig
viekpfysae
pldfeahpay
svvgvratds
ravdggmptl
didklqgysil
tviggnlhsp
yvinergqgift
yevnhligssaa
liglenefft
eidliraehs
rctgddhemv
nggvmys 1dqg
taivdvtvtd
gdplggfave
pvcektlysd
tstpldreeq
gtlltrvgat
avdgglprrl
anaeitysii
vhvnvtdind
ssftidpvrg
Srgnysviiqg
salkrkekdh
ggvigkihat
fttvaditvh
vslgssephp
ldcpwkfcde
egsecvsdpw
tysthavvmy
nyarlvldgv
vinggelpln
salyigthce
ggtcfdsldg

hcedaapngy

lgpataflgr

tvlsldyeet
ptyvkgvkvit
tvrasdgrfa
plfvhilnpd
vedgndnapv
plgeislkkq
laesigvhsp
klsiratdsl
dsepnrgisy
sedvivtvdv
sgndhkhfvi
af lgneyeve
lekldretpa
kgtsvvkvla
ffvravdngs
gtvlvyslvkg
asvdveiqgvk
agqeveviest
vndspprita
tignewkvyv
tipedvlpgk
avyhllvrat
dadaglnrki
tatgtvivev
sgnhehgkfsi
ntpvisqgdty
evkvtklldr
enkpvgfsvl
vi1lgvkvadn
dgdvydt 1ty
lrgvtgemln
hldvllfvek
kvsvdesvms
eekhtcvcps
argtdysile
htasgtapgt
skpresyahie
lsvnpcsskp
avcegedsgfr

vetpwnigla

pyfdsklnkn

sifhftvgvh
vnhatdadssa
gltasvkinvk
rrfkisrtsg
fvnlpyvavv
feldtlnkey
vvhvganspe
tgahaevivd
qmifgnhsksh
tdlndnpplt
dsatgiitls
laenaplhtl
ekvisvrlma
sdadegsnad
pskesvvlivy
ntpesnrdes
dandnspvfe
alnmetgwit
elvkgtveed
kkpldrekrd
limgisatda
dgggrfcgas
lyslidsadg
ldindnppvE
dsktgavfii
ttvisedavl
etisgytltv
qlvvtdedss
gkpglsesslty
sldpgmdnlf
htiairfanl
pgsagistkq
thstarlsfv
grfggcpgss
ihhgrlqgykt
lktlnldnyv
esvdvspgct
clyggtcvvd
gercgsdide

eglgivviva

1ysdippgvp

dmgtprlfae
fegliysite
eskeshlkft
vlisttgtpfd
kvdtevghvi
lvtvvakdgg
glkviyesitd
iivddindnp
dhfhvdsstg
eqgilyearis
nlhrhalkpt
vmevkttdgd
kdaggkvafc
ityvaieadse
vkilppemgl
fvidrgsgrl
sgpyeafive
tlkeldhekr
dpgggviaill
nylltitatd
dirsnaeilty
ivltledvnd
gfsinelsgil
eyreygatvs
enldyesshe
eqsvitvmad
Jqasdngsppr
hngppfffti
idirvieesi
svestggkli
tpeefvgdyw
llhkinssvt
tprhhraavc
smtltgnsyv
dcgsgpglivs
ffgghirqggg
ltatedcasn
nggfvcgcrg
csgnpclhga
gifllvvvEiv

vrplsytpsil
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4261

4321

4381

44471

4501

4561

psdsrnnldr
dsigkpswdf
vhwdt sdwmp
dfpaadelpp
pgtkgtgens

msdyesgddg
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nsfegsaipe
dydtkvvdld
svplpdigef
lppefsngfe

tcrephapyp

hfeevtippl
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hpefstfnpe
pclskkplee
pnyevidedqt
sihpprdmpa

pgvgrhfeap

dsqgghtev

svhghrkava

kpsgpysare

plysadpnai
agslgsssrn

avesmpmsvy

vesvapnlpp

slsevqgslss

dtdyypggyd

rgrinlngyl

astascsdvs

pppsnspsds

fgsescddng

iesdfppppe

pnfypldmse

dccevesevin

30

SEQ ID NO:3. Rat Fatl-specific forward primer
CCCCTTCCAACTCTCCCTCA

SEQ ID NO:4. Rat Fatl-specific reverse primer
CAGGCTCTCCCGGGECACTGT

SEQ ID NO:5. Mouse Fatl siRNA template
GGACCGAAGTCACCAAGTA

SEQ ID NO:6. Mouse Fatl siRNA template
GCGACGCATTTAACATTAA

SEQ ID NO:7. Mouse Fatl siRNA template
GCATGACACTTTAAATAAA

SEQ ID NO:8. Mouse Fatl siRNA template
GTCTGGCAATGATCATAAAL

SEQ ID NO:9. Control siRNA
GTAACCATAAACAGGCATT

SEQ ID NO:10. Control siRNA
GTCTGATAATGCGCATAAA

SEQ ID NO:11. Mouse Fatl,- RT-PCR forward primer. Restriction site

is underlined.
AAGCTTCTCTGCCOGAAGATGAT CAGTCGG

SEQ ID NO:12. Mouse Fatl; RT-PCR reverse primer. Restriction site

is underlined.
TCTAGACACTTCCGTATGCTGCTGGGA

SEQ ID NO:13. Fat,ig9 4587 PCR forward primer. Restriction site

1g underlined.

CCATGGGCCTCTGCCGGAAGATGATCAGT. Regtriction gite ig underlined.

SEQ ID NO:14. Fatl, g 4587 PCR forward primer

CCATGGGCCAGGCTGAACCTGAAGACAALAC . Regtriction site 1s underlined.
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In view of the above, 1t will be seen that the several advan-
tages of the invention are achieved and other advantages
attained.

As various changes could be made 1n the above methods
and compositions without departing from the scope of the
invention, it 1s intended that all matter contained 1n the above
description and shown in the accompanying drawings shall be
interpreted as 1llustrative and not 1n a limiting sense.

All references cited 1n this specification are hereby incor-
porated by reference. The discussion of the references herein
1s intended merely to summarize the assertions made by the
authors and no admission 1s made that any reference consti-
tutes prior art. Applicants reserve the right to challenge the
accuracy and pertinence of the cited references.
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Val

Ala

Gly

Thr

Ala

Ser

Gln

Pro

Ser

Ala

Agsn

Pro

Gly

Ile

His

Ser

Agn

Glu

Pro

Ala

Phe

Ser

Agn

Trp

Glu

His

Trp

ASP

Glu

Thr

Agn

Val

Ala

Ser

Ala

Phe

Pro

sSer

ASp

Asnh

Thxr

Ile

Thr

ATg

Arg

Leu

Glu

Ser

Ala

Gly

Ile

sSer

Met

Phe

Gln

Thr

AsSp

Pro

Val

Ser

Thr

Tle

Gln

Pro

Ser

Pro

Thr

Leu

Tle

Pro

Glu

Leu

Tle

Ala

Arg

Ser

Val

Tle

ASpP

Gly

Thr

His

Glu

ASP

Tle

Gly

Glu Val Tyr Ile

1125

Thr
1140

Lys
1155

Ser
1170

Gln
1185

Thr
1200

Glu
1215

Ala
1230

Gln
1245

Lys
1260

Arg
1275

Ser
1290

Glu
1305

Gly
1320

Pro
1335

Lys
1350

Phe
1365

Gly
1380

Ile
1395

Thr
1410

Ser
1425

Ile
1440

Arg
1455

Asp
1470

Arg
1485

Asp
1500

bAla
1515

Ser

ASp

Ser

Gly

Ser

Val

ATrg

Phe

Ala

Val

Pro

Glu

Gln

Pro

Ser

Val

Ile

Gly

Ser

Leu

Pro

Thr

ASDP

Pro

Leu

Glu

Val

Agnh

Phe

ATYg

Thr

Val

Leu

AgSp

Ile

Ser

Phe

Tle

Gly

Thr

Thr

Gln

Glu

Glu

Ala

Pro

Ser

Asp

Phe

Val

Tle

Gln

Gly

Ala

ITle

Thr

Asp

Ser

Pro

Thr

Ser

Gly

ITle

ASn

Gln

Phe

Pro

Ser

Thr
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Ala

Val

ATrg

Phe

Val

Gly

Gly

Ala

Val

Ser

Phe

Tle

Val

Tle

Phe

Met

ASp

Gly

ASpP

Glu

His

Val

Val

Ala

Pro

Thr

ASp

Glu
1520

Met
1535

Tle
1550

Thr
1565

Gly
1580

Arg
1595

Agn
1610

Arg
1625

Lys
1640

Val
1655

Thr
1670

Gly
1685

Met
1700

Agn
1715

Glu
1730

Ala
1745

Glu
1760

Phe
1775

Arg
1790

Ser
1805

Agn
1820

Leu
1835

Gln
1850

ala
1865

Val
1880

Tyr
1895

Ser

Val

Vval

Ser

Ser

ASh

Ser

Glu

Ala

ATrg

Ser

Ser

Pro

Thr

Gly

Agn

ITle

ASh

Agn

Ser

Val

Asn

Phe

ATrg

Leu

Arg

Val

Pro

Val

Ala

Phe

Leu

Thr

Ile

Phe

Glu

Hisg

Leu

Leu

AsSp

Ser

Val

Ala

Phe

Leu

Hisg

Val

Ser

Gly

Ala

ASp

ASP

Agh

Ser

Val

Glu

Thr

ASpP

ASpP

2la

Glu

Val

Ile

Ser

Pro

Ser

Agn

Glu

Pro

Leu

Ala

ASp

ASpP

Thr

Val

Phe

His

Gln

Val

Leu

Val

Ile

ATy

Val

Gly

ATg

Gly

Met

Thr

Pro

Ser

Leu

Leu

Ile

Met

Val

Ser

Agn

Ser

Glu
1525

ASpP
1540

Ser
1555

ASp
1570

Gln
1585

Leu
1600

ASpP
1615

Ser
1630

Gly
1645

Thr
1660

Ser
1675

Met
1690

ASpP
1705

Ser
1720

Tyr
1735

ASh
1750

Pro
1765

2la
1780

Val
1795

Val
1810

ASpP
1825

Glu
1840

Gly
1855

Hisg
1870

Leu
1885

Val
1900

Gln

Ala

Val

ASP

Gly

Val

Pro

His

ASP

Val

Ala

Val

Gly

Tle

Ser

Thr

Val

Ser

Tle

Pro

Glu

Thr

Val

Ile

Val

Tle

Pro

ATrg

Thr

Ser

Ile

Gln

Pro

Ala

Glu

Ser

Agn

Tle

Leu

Thr

Phe

Val

ATy

Gln

Thr

Thr

Pro

Ile

Glu

Thr

Met

His

Val

Agn

Val

Ala

Ile

Leu

Val

Pro

ASP

Ile

Ala

Met

Thr

Thr

Val

Thr

Asnh

Ala

Ile

Thxr

His

ATrg

ASDP

Val

Val

Gln

Leu

Glu

Gly

ASP

Met

Asn

Ser

His

Gly

Gln

Val

Val

Gln

Ser

Thr

Val

Gly

Ala

Leu

Ile

Ser

Asn

Ser

Hisg
1530

Arg
1545

His
1560

Glu
1575

Asp
1590

Ser
1605

Ser
1620

Tyr
1635

Ser
1650

Ala
1665

Glu
1680

Ser
1695

Asp
1710

Arg
1725

Gln
1740

Val
1755

Ala
1770

Val
1785

Asp
1800

Glu
1815

Ala
1830

Phe
1845

Phe
1860

Asn
1875

Leu
1890

Ala
1905

Tle

Val Leu Thr

Agnh

Ala

Ser

Gly

Ile

ASDP

Glu

Ser

Ala

Gln

Ala

Ala

Gly

His

Glu

Val

Ala

Pro

Ile

His

2la

ASDP

Leu

Thr

Thr

Phe

Pro

Ala

ASpP

Agnh

Leu

Met

Pro

Tle

Ser

Phe

Leu

Thr

Val

Leu

ASp

Ser

ATYg

Phe

Glu

Leu

ASp

Glu

Ala

Trp

Ala

ITle

Thr

Met

Thr

Arg

Ser

Asn

Asp

AsSn

Ser

Thr

Val

Thr

Thr

Pro

Pro

Ala

Gly
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AsSn

Ala

Val

Tle

ASp

Thr

Leu

Hig

Glu

Hig

Glu

Hig

Ser

Agn

Pro

Pro

AsSn

ASp

Asn

Leu

Val

Val

Val

1210

Ile
1925

Tle
1940

ATy
1955

Agn
1970

2la
1985

Leu
2000

Phe
2015

Thr
2030

Gln
2045

Glu
2060

ASpP
2075

ala
2090

Val
2105

Tyr
2120

Gly
2135

Lys
2150

ala
2165

2la
2180

Glu
2195

Ser
2210

Pro
2225

Val
2240

Ser
2255

Phe
2270

Phe
2285

Tle
2300

Gly

Gln

Ala

Val

Ala

Ser

Gln

Pro

Gln

Val

Thr

Tyr

ASP

Glu

Phe

Met

Agn

Pro

Phe

ITle

Vval

Vval

Val

Gly

Glu

Agnh

Ser

Ser

Val

Arg

Gly

Glu

Ser

Asn

Val

Ala

Leu

Tle

Ser

Pro

Tle

Glu

Ser

Ala

Arg

AsSp

Gln

Thr

Thr

ASpP

Glu

2la

Ile

Tle

Val

Thr

2la

ASpP

Tle

Ser

Leu

Ala

Val

Gln

Gly

Gln

Pro

2la

Tle

Pro

Pro

Phe

Thr

Gly

Ser

Val

Thr

Leu

Leu

Phe

Val

Agn

Val

ASP

Glu

Leu

Val

Glu

Phe

Met

Leu

Phe

Leu

Thr

Tle

Ser

Val

1915

Ser
1930

Gln
1945

Arg
19560

Arg
1975

Val
1990

2la
2005

ASnh
2020

Ser
2035

ASpP
2050

A2la
2065

2la
2080

ASpP
2095

Arg
2110

His
2125

Lys
2140

Thr
2155

Val
2170

Glu
2185

His
2200

Lys
2215

Thr
2230

ASpP
2245

ASp
2260

Val
2275

Tyr
2290

Leu
2305

Met

Leu

Phe

Glu

Ile

Pro

Thr

Val

His

Pro

Ala

ASP

His

Val

Leu

Ser

Val

Tle

Phe

Ser

Glu

Ser

Gln

ASP

ATy

Thr

Ser

Glu

Gly

ASP

Thr

Val

Val

Val

Glu

Ser

ASP

Gln

Val

Val

Ala

Pro

Phe

Agn

Glu

Leu

ASD

Thr

Val

His

Ser

Ser

Pro

Asnh

Asnh

Arg

Gly

Val

Val

Phe

Val

Gly

His

Phe

Ala

Pro

Phe

Val

Phe

Ser

Thr

Ile

Thr

Arg

ATrg

Met

Leu

Ser

Pro

ATy

Tle

Glu

Vval

Val

Gly

ATrg

Phe

Glu

Ile

Val

Ser

Agn

His

Gly

Agn

Leu

Ala

1920

Thr
1935

Tyr
1950

Ala
1965

Lys
1980

Thr
1995

Leu
2010

Phe
2025

Pro
2040

Val
2055

Lys
2070

Asn
2085

Hig
2100

AgSn
2115

Gln
2130

His
2145

Asp
2160

Thr
2175

Ser
2190

Hisg
2205

Ile
2220

Thr
2235

Pro
2250

Ala
2265

Asp
2280

Ser
2295

Thr
22310

Gly

Glu

Ser

Phe

Glu

Agnh

Phe

Thr

Val

Leu

Val

Gly

Ile

ASp

Gly

Val

Ala

ITle

Thr

Gly

Ala

His

Agnh

Glu

ASpP

Thr

Leu

Val

Thr

Ala

Glu

Tle

AgSp

Thr

Pro

ITle

AgSp

Gly

Thr

Gly

Met

Glu

Gln

ASpP

Val

Ala

Pro

Ala

Ser

Ile

Thr

Gln

Arg

Pro

Ser

Arg

Glu

Vval

ATy

Tle

Pro

Leu

Ser

Asn

Tle

Ala

Gly

Vval

Glu

Pro

Ser

Asp
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Ser

Ser

Tle

ATy

Ser

Pro

His

Ala

Gly

Tle

Ser

ATrg

Phe

Leu

Gly

Glu

Arg

Val

ATrg

Gly

Ser

Val

Thr

Phe

Val

Arg

Glu
2315

Lys
2330

Ser
2345

Tle
2360

ASp
23775

Pro
2390

Ala
2405

ASpP
2420

Agn
2435

Thr
2450

Leu
2465

Val
2480

His
2495

His
2510

Tle
2525

ASpP
2540

Lys
2555

Leu
2570

Agn
2585

Ser
2600

Thr
2615

Agn
2630

Lys
2645

Lys
2660

Val
2675

Pro
2690

Phe
27085

Pro

Ser

Leu

Phe

Vval

Leu

Ala

Ser

ASP

Leu

AsSn

ASh

Gln

Thr

Tyr

ATrg

Leu

Met

Val

Thr

Ser

Ala

Glu

Glu

ATg

Vval

Ser

Agnh

Hisg

Val

Val

Val

Phe

His

Ser

Hig

Ser

Val

Val

ASn

Leu

Ser

Phe

Asp

bAla

Ile

Val

Asp

Agnh

Ser

Ala

Glu

ATy

ASp

Val

Glu

Gly

ASpP

Agn

Ser

Thr

Glu

Val

His

Leu

Val

Val

Leu

Leu

Val

Tle

Pro

Gly

His

Ala

Ala

Thr

Gln

His

Leu

Ser

Leu

Val

Val

Val

Val

Val

Glu

ASP

Thr

Glu

Thr

Glu

Tle

ASP

Phe

Tle
2320

Phe
2335

Leu
2350

Val
2365

Val
2380

Gln
2395

Phe
2410

ASp
2425

Phe
2440

Arg
2455

Ser
2470

Met
2485

Glu
2500

Gln
2515

Thr
2530

Agn
2545

Thr
2560

2la
2575

ASpP
2590

Val
2605

Val
2620

Tyr
2635

Tle
2650

Gly
2665

Ser
2680

Tle
2695

Tyr
2710

Ser

His

ASP

ASP

Ala

Val

Val

Ile

ATrg

ASP

Gly

Val

Val

ASP

Pro

Gly

ASP

Agh

Phe

2la

Agh

Leu

Gly

Leu

Thr

Tle

Gly

Val

Met

Leu

Ile

His

Gly

Gly

Glu

His

ATg

Ala

Gly

Agn

Tle

Ala

Ile

Glu

Ser

Pro

Gln

ASp

Glu

Gly

Thr

Glu

Glu

ASDP

Thr

Val

Agn

Leu

Ala

Ile

Gly

Glu

ASP

Gly

Ser

Glu

Leu

Agnh

Pro

Pro

Thr

Leu

Ser

Gln

Met

ASpP

Ala

Val

ATg

Leu

Phe

Leu

Ala

Ser

Vval

Gln

Vval

Asn

Ser

ASp

Ala

Thr

Glu

Pro

Glu

Tle

Tle
2325

Asn
2340

Ser
2355

Pro
2370

Leu
2385

Arg
2400

Arg
2415

Ser
2430

Glu
2445

Lys
2460

Arg
2475

His
2490

Glu
2505

Asp
2520

Asn
2535

Tle
2550

Val
2565

bAla
2580

Ala
2595

Ser
2610

Ala
2625

Asp
2640

Gly
2655

Phe
2670

Arg
2685

Val
2700

Ser
2715

Gly Asn His

Thr

Gln

Ala

Asnh

Ile

Ala

ITle

Thr

Pro

Ser

Ser

Agnh

ATYg

ASpP

Phe

Ile

Phe

Pro

Ala

ASpP

Ser

Leu

Phe

Glu

Gln

Glu

Gly

Gln

Leu

Agp

Ser

Leu

Gly

Phe

Ser

Pro

Ala

ASp

Phe

Thr

Ser

Gln

Ala

Glu

Glu

Tle

Thr

Ser

Leu

Agp

Leu

His

Ser

AsSn

Glu

Asp

Ser

Ile

Ala

Val

Pro

Ser

Ala

Leu

Ile

Thr

Phe

Gly

Ser

Thr

Phe

Val

Pro

Thr
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Pro

Ala

ATrg

Leu

Ser

Ser

Pro

Leu

ASp

Gln

Gly

Ser

Gln

Agn

Val

Thr

Phe

Val

Glu

Thr

AsSn

Tle

Ala

Leu

Gly

Val

Tle
2720

Val
2735

ASp
2750

Glu
2765

Ile
2780

Tle
2795

Val
2810

Pro
2825

Ser
2840

ASpP
2855

Trp
28770

Tyr
2885

Leu
2900

ASp
2915

Ser
2930

Thr
2945

Tle
2960

Gln
2975

Gln
2990

Phe
3005

ASpP
3020

Pro
32035

Thr
3050

Phe
3065

Glu
3080

Tyr
3095

Gln

Gly

Leu

Glu

Leu

ASP

Leu

Gly

Gly

Ala

Tle

Gln

Ser

Ser

Glu

ASP

Thr

Ser

Ser

Asn

Glu

ASpP

Gly

Leu

AsSn

Ala

Thr

Phe

Ser

Ala

Val

Glu

Gly

Ala

Asp

Thr

Tle

Ser

Pro

AsSp

Ala

Gly

Asp

Asp

Ser

Ser

Asp

Ala

Ser

Arg

Leu

Ala

Glu

Ile

Phe

Leu

ATy

Ser

Ser

Ser

Agn

Ile

Thr

Thr

Pro

ASpP

ASpP

Gly

Trp

Ser

Pro

2la

ASpP

Gly

Thr

Leu

Tle

Tle

Leu

Val

ASP

Tle

Ser

ATy

Gly

Ile

Leu

Val

Ala

Arg

Pro

Thr

ASP

ATrg

Ala

Val

Leu

Tle

Ala

Leu

Val

Val

ASp
2725

Val
2740

Tle
2785

His
2770

Thr
2785

Gln
2800

Pro
2815

Val
2830

Gln
2845

Glu
2860

Lys
2875

Val
2890

Ile
2905

Phe
2920

Pro
2935

Glu
2950

2la
2965

Val
2980

Leu
2995

Arg
3010

Cys
3025

Pro
2040

Arg
3055

Glu
3070

2la
3085

Lys
3100

Leu

Leu

ASP

Glu

Leu

Val

Tle

Val

Ser

Glu

Ala

Val

Thr

Gly

Glu

Leu

Leu

Val

Glu

Gly

Ser

Leu

2la

Thr

Tle

Gly

ATy

Thr

ASP

Glu

Gln

Met

Phe

Leu

Ser

Gly

Ala

Gly

Tle

Gly

Val

Thr

Glu

Agn

Phe

Leu

Thr

Leu

Arg

Ash

Gln

Thr

ASDP

AsSp

Ala

Tle

Ala

AsSp

ASP

Val

Glu

Val

Agn

Gln

Val

Val

Thxr

Leu

Ala

ASP

ASP

Glu

Vval

Thr

ASnh

Ala

Phe

ATy

Ser

ITle

His

His

Thr

Tle

Tle

ATrg

Phe

Thr

Ser

Vval

Glu

Leu

ATrg

Gly

ASp

Glu
2730

Pro
2745

Gly
2760

Trp
2775

Glu
2790

Asnhn
2805

Ile
2820

Ala
2835

Leu
2850

Asn
2865

Glu
2880

Gly
2895

Val
2910

Tvyr
2925

Ala
2940

Gln
2955

Ala
2970

Pro
2985

Ala
3000

Val
3015

Tvr
3030

Met
2045

Tle
3060

Asn
3075

Glu
3090

Gly
3105

Val

His Gly Gly

Glu

Arg

Val

ASp

Val

Ser

ASpP

Met

Glu

Glu

Thr

ITle

Val

Val

Leu

Thr

Leu

Ser

Gln

Thr

Pro

Glu

Gly

Agnh

Ser

Leu

Gln

Val

Agnh

Glu

ASDP

Gln

Glu

Arg

ASpP

Gly

Leu

Ser

Glu

ASp

ASp

AgSp

ASpP

Val

ASpP

Gln

ATYg

AgSp

Asn

Phe

Ala

Ser

Asn

Leu

Ser

Thr

Ala

Val

Val

Thr

Ser

ASn

Gly

Ala

Thr

Ser

Thr

Thr

Ala

Ser

ASn
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Ala

ASh

Ala

Ser

Gln

Leu

Ala

Pro

ASP

Arg

Gly

ITle

ASP

Ser

ASp

Ala

Gly

Val

Thr

Agn

Ala

ASh

Ser

Leu

3110

Pro
2125

Thr
3140

ASpP
3155

2la
3170

Leu
3185

Thr
3200

Thr
3215

Pro
3230

Ile
32485

ASp
3260

Agn
3275

Phe
3290

Leu
3305

Val
3320

Pro
3335

2la
3350

ASpP
3365

Agn
3380

Lys
3395

Leu
3410

Thr
3425

Pro
23440

Lys
3455

ASpP
3470

Gly
3485

Leu
32500

Glu

Glu

Thr

ASP

Glu

Leu

Gly

Val

Val

Tle

Glu

ITle

Thr

Ala

Vval

Ala

Gly

Gln

Val

Thr

Thr

Leu

Pro

Ser

AsSn

Thr

Phe

Pro

Gly

Gly

Thr

Phe

ITle

Glu

Hisg

ITle

Val

Thr

Phe

Leu

Pro

Gly

Thr

Val

Thr

Phe

Val

Ser

Asp

bAla

Thr

Gly

Leu

Gln

His

2la

Val

Glu

Gly

2la

Gly

Glu

Glu

Val

Ser

Glu

Ser

Ser

Gln

Val

Ser

Gly

His

Glu

2la

Ala

Thr

Agn

Phe

Leu

Val

Val

Thr

Agn

Ser

Ala

Agn

Gln

Gln

Agn

Pro

Pro

Ala

Agn

ATrg

Phe

ASn

Agn

Thr

3115

Glu
3130

Pro
2145

Arg
3160

Ser
3175

ASp
3190

ASpP
3205

Val
3220

Arg
3235

Glu
3250

A2la
3265

Phe
3280

Leu
3295

Thr
3310

Ile
3325

ASp
3340

Pro
3355

Ser
3370

Phe
3385

Leu
2400

ala
3415

Tle
3430

ASpP
3445

Ser
2460

Gly
3475

2la
3490

Tle
3505

Pro

Leu

Tle

Arg

Gln

Ser

Glu

Val

Glu

Ser

ASP

ASP

Agn

Thr

Val

Hig

Thr

ASP

ASP

ASP

Agn

Val

Pro

Phe

Thr

Tle

Agn

Glu

Gly

Val

Leu

Tle

Tle

Gly

Val

Tle

Ile

Tle

ATg

Agn

Val

Leu

Pro

Glu

Arg

Thxr

Arg

Ser

Glu

Leu

Leu

Leu

Gly

Gln

Thr

ASP

Glu

Gly

Thr

Thr

Thr

His

ASp

Glu

Gly

Ser

Ser

Phe

Val

ITle

Val

ATrg

Gln

Pro

ASP

Ala

Val

Ser

Ser

Thr

ASpP

Thr

Tle

Pro

Thr

AsSn

ASpP

Val

Leu

Phe

Asn

Vval

3120

Thr
3135

Gln
3150

Ser
2165

Ser
3180

bAla
3195

Arg
3210

Tle
3225

Ser
3240

Tvr
3255

Ala
3270

Lys
3285

Ser
3300

Pro
3315

Ile
32330

Val
3245

Met
2360

Ser
3375

Val
32390

Tle
3405

Pro
3420

Val
3435

Ile
3450

Val
3465

Phe
3480

Gln
3495

Lys
3510

Val

Ala

Leu

Gly

Val

ATYg

Agn

Val

Ala

Tle

Thr

His

Ser

Agnh

Val

Ala

Ile

Arg

Ser

Pro

Asnh

Ile

Val

Thr

His

ASpP

Phe

Thr

Val

Tle

Leu

ASDP

Ser

Ala

Tle

Gly

Glu

Leu

ASp

Ser

AgSp

ITle

Gly

Gly

ATYg

Agp

Gln

Thr

Tle

Gly

Hig

Glu

Asp

Glu

Tle

Thr

Thr

Agh

Glu

Ser

Ser

Ala

Ser

Asn

Glu

Asp

Glu

Glu

Val

AsSn

Glu

Asp

Val

Val
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-continued

Leu

Ser

Pro

Glu

Gln

ASP

His

Thr

Gln

Phe

Asn

ASpP

Leu

Ser

Val

Leu

Val

Leu

ASh

Glu

Pro

Met

ATg

Tle

Glu

Leu
3515

Met
2530

Pro
3545

Glu
3560

ASp
3575

Gly
3590

Arg
3605

ASpP
3620

Gln
3635

2la
3650

Phe
3665

Tle
3680

ASpP
3695

Thr
3710

Glu
3725

Cys
3740

Ser
3755

Ser
3770

Lys
3785

Pro
3800

Lys
3815

Gly
3830

Arg
3845

Arg
3860

Gly
3875

Gln
3890

Gly
3905

His

Thr

Ala

Vval

Leu

Lvs

Gly

Val

Agn

Gln

Gln

Vval

Glu

Ala

Val

Phe

ASP

Tyr

Ser

Leu

Leu

Thr

Vval

Agn

Val

Hisg

Tle

Ser

Phe

Leu

Thr

Leu

Arg

Tle

Leu

Gln

Tle

Gly

Asp

Val

Gly

Pro

Ser

Ser

Leu

Arg

Asp

Asn

Tle

Leu

Gly

ASp

Ser

ASpP

Phe

Gln

Thr

2la

Val

Leu

Leu

Tle

Leu

Glu

Thr

Thr

2la

Ser

Glu

Thr

ASp

2la

Val

ASP

Pro

Gly

Thr

Val

Tle

Thr

Glu

Pro

Leu

Ser

Phe

Leu

Gly

ASP

Agn

Pro

Gly

Val

Ile

AgSh

Ser

Gly

Ala
3520

Tle
3535

Leu
3550

Val
3565

Leu
3580

Ser
3595

Gly
3610

Thr
3625

Met
3640

Glu
3655

Arg
3670

Leu
2685

Val
3700

His
3715

Val
3730

Cys
3745

Val
3760

Arg
3775

Pro
3790

Ser
3805

Cys
3820

Thr
3835

Glu
3850

Ser
3865

Ile
23880

Gln
3895

Leu
32910

ASP

Arg

Glu

Tle

Met

Ser

Gln

Val

Leu

Glu

Agn

Gln

Glu

Arg

Pro

Met

His

Pro

Glu

Pro

Phe

Agh

Ser

Pro

Trp

Val

Ser

Val

Tle

Gly

Thr

Ala

Agn

Phe

Ile

Pro

ATrg

Ile

Tle

Trp

Ser

His

Val

Gly

Thr

ATy

His

Gly

His

Leu

Gly

Ile

Phe

Ser

Gly

Leu

ASP

His

Val

Leu

Ser

Ser

Asnh

Leu

Thxr

Arg

His

Val

Gly

Gly

Leu

Ala

Ile

Ala

ASp

Glu

Tle

Tle

Leu

Gly

Leu

Tle

Thr

Gly

Gly

Glu

Gly

Ser

Glu

Phe

Hig

Thr

His

Ala

Gly

Asn

Glu

Val

Val

Vval

Glu

Pro
3525

Glu
3540

Thr
3555

Hisg
3570

Asp
3585

Lys
3600

Asnhn
3615

Thr
3630

Val
3645

Asp
3660

Val
3675

Pro
3690

Gly
3705

Ser
3720

Val
3735

Cys
3750

Ser
3765

bAla
3780

Gly
3795

Asp
3810

Phe
3825

Ser
2840

Met
32855

Val
3870

Ser
3885

Ser
2900

Val
3915

Gln Leu Ser

Ser

Ala

Ala

Pro

Leu

Val

Val

Ala

ATYg

His

Thr

Val

Phe

ASpP

Thr

Val

Pro

Gly

Phe

Met

Val

Leu

His

Tle

Phe

Thr

Hig

ITle

Ser

Hig

ITle

Trp

Ser

Hig

Thr

Gln

Glu

Ala

Glu

Arg

Val

Leu

Gln

Glu

Thr

His

Gly

Asp

Met

Ala

Val

Tle

ATy

Arg

Asn

His

Val

Asp

ATy

Leu

Asp

Glu

Ser

Ala

Ser

Vval

Ala
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Ser

Gly

Ser

ATg

Asn

Agn

Val

Gly

ATrg

Gly

ASp

His

Hig

Asn

Gly

Tle

Leu

Val

AsSn

Hig

ATrg

Pro

Gly
3920

Val
3935

Arg
3950

Tle
3965

ala
3980

Leu
3995

Gly
4010

Cys
4025

Pro
4040

ASpP
4055

Leu
4070

Cys
4085

Gly
4100

Ser
4115

2la
4130

Gly
4145

Cys
4160

Ile
4175

Tle
4190

Ser
4205

Gly
4220

Leu
4235

Arg
4250

Agn
4265

Pro
4280

Lys
4295

Pro

Thr

Phe

Gly

Tyr

Leu

Gly

Ser

AsSn

Val

Gln

Thr

Gly

Gly

Ser

Glu

Gly

Vval

ATrg

Pro

Agn

Pro

Leu

Glu

Ala

Pro

bAla

Phe

Ala

Leu

Ala

Thr

Val

Ala

Ser

Gly

Leu

Leu

Phe

Asn

AsSp

Leu

Leu

Thr

Tle

Asp

Phe

Val

Ser

Pro

Gly

Gln

Agn

Hig

2la

Leu

Ser

Gly

Phe

Ser

Phe

Arg

Pro

His

2la

2la

Leu

Thr

Agn

Ser

ATy

Ser

2la

Agn

Gly

Gly

Val

Gly

Ile

Thr

Agn

ASn

Phe

Phe

Pro

ASP

Gly

Ser

Glu

Val

Ala

Tle

Agn

Thr

Val

Ser

2la
3925

His
3940

Ala
3955

Gln
3970

Glu
3985

Glu
4000

Pro
4015

Val
4030

Pro
4045

Val
4060

Ser
4075

Tyr
4090

Ser
4105

Glu
4120

Arg
4135

ASh
4150

Pro
4165

Gly
4180

Met
4195

Arg
4210

Phe
4225

Tyr
4240

Thr
4255

Ser
4270

Phe
4285

Cys
4300

Pro

Leu

Leu

Ser

Glu

Glu

ASP

Ser

Gly

Phe

Leu

Arg

Agn

Agn

Ile

Val

Gln

Leu

Ser

Pro

Phe

Agn

Ser

Ser

ATJg

Gly

Leu

Trp

Pro

Thr

Leu

Gln

Gly

Ser

His

Gly

Phe

Ala

Gln

ASD

Ser

Glu

Pro

Val

ASD

Thr

Gln

Phe

Pro

Val

Ser

Thr

Phe

Tyr

Met

ASP

Gly

Gln

Ala

Gln

Ile

Val

Glu

ATg

Ile

Ile

Gly

Glu

Ala

Ser

Leu

Gln

ATrg

Leu

ASP

Ser

Gly

Gly

ATrg

ASpP

Ala

Ser

Leu

Glu

Val

ITle

Leu

Pro

Pro

Pro

Pro

Ser

Ser

Pro

ASp

Asn
3930

Gly
3945

Gly
3960

AsSn
3975

Leu
2990

Ser
4005

Gly
4020

Glu
4035

Gly
4050

Gly
4065

Phe
4080

Pro
4095

Val
4110

Asp
4125

Cys
4140

Tyr
4155

Ser
4170

Val
4185

Cvs
4200

Glu
4215

Tvr
4230

Pro
4245

Ser
4260

Ala
4275

Met
4290

Asn
4305

Ser

Leu Asp Asn

Thr

Agnh

Ser

Pro

Val

Thr

Leu

Ser

Tle

Glu

Arg

Thr

Phe

Arg

ASpP

Phe

Gln

ASpP

Ile

His

Leu

ITle

Lys

Met

His

Ser

Leu

Gln

Agp

AsSn

Gly

Pro

Ile

ASpP

Val

Ser

Pro

Gly

Pro

Gln

His

Asp

Pro

Gly

Gln

Val

Met

Thr

Phe

AsSn

Glu

Thr

Trp

Ala

Met

Arg

Ser

Pro

Glu

His

Pro
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4310 4315 4320

Pro Ser Trp Asp Phe Asp Tyr Asp Ala Lys Val Val Asp Leu Asp
4325 4330 4335

Pro Cys Leu Ser Lys Lys Pro Leu Glu Glu Lys Pro Ser Gln Pro
4340 4345 4350

Tyr Ser Ala Arg Glu Ser Leu Ser Glu Val Gln Ser Leu Ser Ser
4355 4360 4365

Phe Gln Ser Glu Ser Cys Asp Asp Asn Glu Ser Leu Ala Ala Pro
4370 4375 4380

Asp Leu Ser Lys Pro Arg Gly Tyr His Trp Asp Thr Ser Asp Trp
4385 4390 4395

Met Pro Ser Val Pro Leu Pro Asp Ile Gln Glu Phe Pro Asn Tvyr
4400 4405 4410

Glu Ala Ile Asp Glu His Thr Pro Leu Tyr Ser Ala Asp Pro Asn
4415 4420 4425

Ala Tle Asp Thr Asp Tyr Tyr Pro Gly Gly Tyr Asp Ile Glu Ser
4430 4435 4440

Asp Phe Pro Pro Pro Pro Glu Asp Phe Pro Ala Pro Asp Glu Leu
4445 4450 4455

Pro Pro Leu Pro Pro Glu Phe Ser Asp Gln Phe Glu Ser Ile His
4460 4465 44770

Pro Pro Arg Asp Met Pro Ala Ala Gly Ser Leu Gly Ser Ser Ser
4475 4480 44385

Arg Ser Arg Gln Arg Phe Asn Leu Asn Gln Tyr Leu Pro Asn Phe
4490 4495 4500

Tyr Pro Ala Asp Met Ser Glu Pro Gln Lys Gln Gly Ala Gly Glu
4505 4510 4515

Asn Ser Pro Cys Arg Glu Pro Tyr Thr Pro Tyr Pro Pro Gly Tvyr
4520 4525 4530

Gln Arg Asn Phe Glu Ala Pro Thr Ile Glu Asn Met Pro Met Ser
4535 4540 4545

Val Tyr Ala Ser Thr Ala Ser Cys Ser Asp Val Ser Ala Cys Cys
4550 4555 4560

Glu Val Glu Ser Glu Val Met Met Ser Asp Tyr Glu Ser Gly Asp
4565 4570 4575

Asp Gly His Phe Glu Glu Val Thr Ile Pro Pro Leu Asp Ser Gln
4580 4585 4590

Gln His Thr Glu Val
4595

<210> SEQ ID NO 2

<211> LENGTH: 4588

<212> TYPE: PRT

<213> ORGANISM: Homo sapilens

<400> SEQUENCE:

Met Gly Arg His Leu Ala Leu Leu Leu Leu Leu Leu Leu Leu Phe Gln

1 5 10 15

His Phe Gly Agsp Ser Asp Gly Ser Gln Arg Leu Glu Gln Thr Pro Leu

20 25 30
Gln Phe Thr His Leu Glu Tyr Asn Val Thr Val Gln Glu Asn Ser Ala
35 40 45

Ala Lys Thr Tyr Val Gly His Pro Val Lys Met Gly Val Tyr Ile Thr
50 55 60

Hig Pro Ala Trp Glu Val Arg Tyr Lys Ile Val Ser Gly Asp Ser Glu

56



65

AsSn

ATrg

Val

Leu

145

Asn

ASpP

ASpP

ATg

Ala

225

Ala

ITle

Ile

Thr

305

Gly

Gln

Tle

Pro
385

Val

Thr

His

Val

Gln

465

Thr

Leu

Tle

ASpP

Glu

130

Arg

Thr

Tle

Met

Leu

210

ASp

Thr

2la

2la

290

Val

Gly

ala

His

ASpP

370

Val

Phe

Gly

Phe

Leu

450

Thr

Val

Phe

His

115

2la

Pro

Ala

Gly

Phe

195

ASP

Arg

Leu

Ala

Tle

275

Ser

Arg

Tle

Val
355
Val

Val

Leu

Glu

435

Val

Ala

Met

Thr

100

ATy

Leu

Ile

Thr

180

Ala

Gly

Thr

Val

260

Val

Leu

Ser

ASDP

ASP

340

Thr

Met

Ser

Ile
420

Leu

Ser

Ala

85

Thr

Thr

Phe

Arg

165

Agh

Tle

Leu

Met

Val

245

Thr

Thr

Ser

Phe

Trp

325

Ser

Arg

Val

Thr

405

Ser

Glu

Vval

Leu
435

70

Glu

Gly

Leu

Ser

150

Thr

Gly

Hisg

Glu

Lys

230

Hisg

Leu

Val

ITle

Pro

310

ASpP

Gly

Pro

Ala

Lys

390

Pro

ITle

Val

Leu

Ala

470

Ser

S7

Glu
Gly
Tle
Val
135
Pro
Ser
Glu
Pro
Thr
215
Leu
Tle
Ser
AsSp
Val
295
Gly
Ser
Thr
Gln
Glu
375
Ala
Gly
Leu
Thr
Gly
455

Ala

bAla

Agh

Val

120

Arg

Thr

Ile

Phe

Thr
200

Glu

Pro

ASP

280

2la

Ser

His

Pro

Phe

360

Tle

Ile

Glu

Thr

440

2la

Phe

Val

Ile

Thr

105

Val

Ser

Ala

Tyzr

185

Ser

Leu

Gly

Gln

Ser
265

Pro

Pro

345

Ser

Pro

Ala

Pro

425

Ser

ASn

ASP

ASDP

Leu
S0
Ala

2la

Gln

Arg
170

Ser

2la

250

Glu

ASp

ASpP

Glu

Phe

330

Gln

2la

Glu

ala

Lys

410

Val

ASp

Ser

Glu

Pro
490

75

Gly

Ile

Leu

Val

Ser

155

Val

Ser

Val

Glu

Ser

235

Agn

Leu

Gln

Leu

Tyr

315

Gly

Phe

Gly

Phe

Tyr

395

Phe

Arg

Agnh

Agnh

475

ASp

-continued

ASD

Leu

Glu

Leu

140

Val

Ser

Phe

Tle

Met

220

Gly

Glu

ASP

Gly

Leu
200

Ser

Pro

Ala

380

Ser

Ser

AYg

Pro
460

Val

Glu

Phe

Agh

Lys

125

Asp

Ser

Ala

Val
205
Glu

Tle

Arg

Ala

285

Gln

Val

ASn

Ser

val

365

Pro

Hig

Leu

Gln

Ala

445

Pro

Pro

Gly

Arg

110

Agn

Thr

Leu

Thr

ASP

120

Leu

Ile

Ser

Ala

ASP

270

Agn

Gln

Leu

Val

350

Pro

Leu

Agn

Gln

430

Ser

Glu

Ile

Glu

Phe

55

Glu

Thr

AgSh

Pro

ASP

175

Arg

Thr

Leu

Ser

Pro

255

Pro

Gly

Phe

Ala

Thr

335

Phe

Agn

ATrg

Tyr

415

2la

Thr

Phe

Gly

Agn
495

US 8,586,534 B2

80

Leu

Val

Agn

ASp

Glu

160

2la

Thr

Gly

Ala

Met

240

Val

Ala

ASDP

ATrg

ITle

320

Leu

Val

Glu

Thr

Tyr

400

Agn

2la

Thr

Thr
480

Gly

58



ASp

Leu

Leu

545

Agn

Thr

Ala

Gly

Ser

625

Hig

Leu

Gln

Gln

ASP

705

Pro

Tle

Val

Met

Thr

785

Gln

ASp

Glu

Thr
865

ATg

Ala

Val

Val

His

Met

530

Pro

Leu

Ile

Tle

Agn

610

Leu

Ser

2la
690

Ser

Thr

Phe

Glu
770

ASpP

Agn

ASpP

ASp

850

ASpP

Pro

Arg

Thr
Phe
515

Pro

Agn

Pro

ASP

5905

Glu

Leu

Ile

Glu

675

Agn

His

Gly

Met

Ala

755

Thr

Ala

Pro

Lys

835

Leu

Thr

Leu

ASP

Val
015

Tyr

500

Thr

ATg

ATy

ASDP

ATJg

580

Ala

Leu

ATJg

ATrg

Agn

660

Glu

Ser

Tle

Agn

740

Val

Gly

Ala

Pro

820

Glu

Gly

Phe

ASP

Gln
900

Ser

Ser

Gly

Val

Asn

565

Asp

AsSp

AsSp

Ser

Tle

645

Ile

Thr

Leu

Val

Gln

725

Ser

Ser

Met

Thr

Trp

805

Glu

Val

Pro

Ser

ATy

885

2la

Leu

Tle

Ala

Glu

550

Thr

Leu

Glu

Phe

Leu

630

Thr

Thr

Gly

His

Asn

710

Vval

Thr

Gly

Leu

Leu

790

ATrg

Phe

His

ASh

Tle
870
Glu

ATrg

Glu

59

Ala

Val

Thr

535

Val

Pro

Gly

Leu

Phe

615

Met

Ala

Val

Val

ASn

695

Ala

AsSp

Gly

Lys

775

Asn

Leu

Leu

Ser

Gly

855

AsSp

Leu

Glu

Asp

Agh

Ser

520

Leu

Glu

Leu

Val

Gln

600

Ser

ASP

Thr

2la

Ala

680

Gln

His

Glu

Leu

Agn

760

Tle

Ile

Leu

Gln

Glu

840

His

Ser

Gln

Glu

Val
020

Leu
505

Thr

Val

Phe

Gly

585

Leu

Leu

Gly

ASDP

Ala

665

Gly

Ile

Agn

ASP

745

Glu

Leu

Thr

His

Glu

825

Ile

Val

Val

Hig

Pro
o065

Agn

AgSh

Ser

Tle

Leu

Glu

570

Glu

Val

Agn

Leu

Gly

650

Ser

Met

Glu

Pro

Gln

730

Thr

ASpP

Ser

Val

Val

810

Ser

Ile

Thr

Thr

Glu

890

Gln

ASp

His

Glu

ATrg

Ala

555

Gln

Gln

Pro

Gly

635

Glu

His

Leu

Val

Gln

715

Pro

Gly

Ser

Pro

Tyr

795

Val

Gln

Gly
875
His

Leu

Asnh

-continued

Val

AsSn

Ala

540

Thr

Tle

ITle

AsSn
620
Ala

ASn

Ala

Glu

700

Phe

Val

Phe

Leu

780

ASDP

Val

Phe

Val

Ser

860

Val

Ser

Phe

Pro

Pro

Leu

525

Ser

Tle

AsSn

Thr

Gln

605

Ser

Phe

Leu

Glu

685

Asp

Arg

Gly

AsSn

Phe

765

Asp

Leu

Val

Vval

Glu

845

ITle

Val

Leu

Ser

Pro
025

Phe
510
ASP

ASP

Thr

Thr

590

Tle

Gly

Val

Ala

Val
670

Tle

Ser

Ser

Gly

750

Met

ATrg

Gly

ASP

Glu

830

Ala

Val

Agn

Thr
910

Thr

Ala

Tyr

Trp

Leu

Glu

575

Val

Glu

Val

Ser

Thr

655

Agn

Leu

Phe

Thr

Ser

735

Ile

Glu

Ile

Ala

815

Val

Thr

Thr

Tle

Ile

895

Val

Phe

US 8,586,534 B2

Tle

Glu

Gly

Agh

560

Gly

Ser

Ala

Leu

Phe

640

Pro

Leu

Leu

Phe

Leu

720

Val

Leu

ASpP

Thr

Pro

800

Agh

Ser

ASpP

ASp

b2la

880

Glu

Val

Tle

60



-contilnued

Pro Pro Asn Tyr Arg Val Lys Val Arg Glu Asp Leu Pro Glu Gly Thr
530 935 540

Val Ile Met Trp Leu Glu Ala His Asp Pro Asp Leu Gly Gln Ser Gly

045 950 055 960

Gln Val Arg Tyr Ser Leu Leu Asp His Gly Glu Gly Asn Phe Agp Val

965 570 575
Asp Lys Leu Ser Gly Ala Val Arg Ile Val Gln Gln Leu Asp Phe Glu
980 085 990
Lys Lys Gln Val Tyr Asn Leu Thr Val Arg Ala Lys Asp Lys Gly Lys
0905 1000 1005

Pro Val ©Ser Leu Ser Ser Thr Cys Tyr Val Glu Val Glu Val Val
1010 1015 1020

Agsp Val Agsn Glu Asn Leu His Pro Pro Val Phe Ser Ser Phe Val
1025 1030 1035

Glu Lys Gly Thr Val Lys Glu Asp Ala Pro Val Gly Ser Leu Val
1040 1045 1050

Met Thr Val Ser Ala His Asp Glu Asp Ala Arg Arg Asp Gly Glu
1055 1060 1065

Ile Arg Tyr Ser Ile Arg Asp Gly Ser Gly Val Gly Val Phe Lys
1070 1075 1080

Tle Gly Glu Glu Thr Gly Val Ile Glu Thr Ser Asp Arg Leu Asp
1085 1090 1095

Arg Glu Ser Thr Ser His Tyr Trp Leu Thr Val Phe A2Ala Thr Asp
1100 1105 1110

Gln Gly Val Val Pro Leu Ser Ser Phe Ile Glu Ile Tyr Ile Glu
1115 1120 1125

Val Glu Asp Val Asn Asp Asn Ala Pro Gln Thr Ser Glu Pro Val
1130 1135 1140

Tyr Tyr Pro Glu Ile Met Glu Asn Ser Pro Lys Asp Val Ser Val
1145 1150 1155

Val Gln Ile Glu Ala Phe Asp Pro Asp Ser Ser Ser Asn Asp Lys
1160 1165 1170

Leu Met Tvyr Lys Ile Thr Ser Gly Asn Pro Gln Gly Phe Phe Ser
1175 1180 1185

Ile His Pro Lys Thr Gly Leu Ile Thr Thr Thr Ser Arg Lys Leu
1190 1195 1200

Asp Arg Glu Gln Gln Asp Glu His Ile Leu Glu Val Thr Val Thr
1205 1210 1215

Asp Asn Gly Ser Pro Pro Lys Ser Thr Ile Ala Arg Val Ile Val
1220 1225 1230

Lys Ile Leu Asp Glu Asn Asp Asn Lys Pro Gln Phe Leu Gln Lys
1235 1240 1245

Phe Tyr Lys Ile Arg Leu Pro Glu Arg Glu Lys Pro Asp Arg Glu
1250 1255 1260

Arg Asn Ala Arg Arg Glu Pro Leu Tyr His Val Ile Ala Thr Asp
1265 1270 1275

Lys Asp Glu Gly Pro Asn Ala Glu Ile Ser Tyr Ser Ile Glu Asp
1280 1285 1290

Gly Asn Glu His Gly Lys Phe Phe Ile Glu Pro Lys Thr Gly Val
1295 1300 1305

Val Ser Ser Lys Arg Phe Ser Ala Ala Gly Glu Tyr Asp Ile Leu
1310 1315 1320

Ser Ile Lys Ala Val Asp &Asn Gly Arg Pro Gln Lys Ser Ser Thr

61

US 8,586,534 B2

62



US 8,586,534 B2
63
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Thr

Glu

Glu

Pro

ASp

Ala

Val

Tle

Ser

Glu

Leu

Val

Val

Ala

Ser

Agn

Ser

Glu

Ala

ATrg

Ser

Ser

Pro

1325

ATy
1340

Pro
1355

Ser
1370

Pro
1385

Ser
1400

Lys
1415

Glu
1430

Lys
1445

Lys
1460

Tle
1475

Tle
1490

Phe
1505

Leu
1520

Arg
1535

Val
1550

Ser
1565

Val
1580

2la
1595

Phe
1610

Leu
1625

Thr
1640

Ile
1655

Lys
1670

Phe
1685

Glu
1700

His
1715

Leu

Tle

ASpP

Gly

His

Pro

Ala

Val

Tyr

Leu

Tyr

ATg

AP

ASP

ASh

Ser

Val

Glu

Met

ASP

ASpP

Phe

Glu

Vval

ITle

Ser

Hig

Ser

Pro

Tle

Phe

Leu

Thr

Tle

Glu

Gln

Thr

Leu

Hig

Gln

Val

Leu

Val

Tle

Arg

Val

Gly

Ile

Phe

Val

Pro

ASp

ASP

ASpP

ASpP

Val

Tle

Leu

ASP

Glu

ASP

Ser

Gln

Leu

ASpP

Ser

Gly

Thr

Ser

Met

ASP

Thr

Glu

Glu

Ala

Leu

Val

Ala

Gly

Thr

Val

Ser

Gln

Pro

Ala

Val

ASP

Gly

Val

Pro

Agn

Ser

Ile

Val

Val

Gly

Tle

1330

Trp
1345

Glu
1260

His
1375

Trp
1390

ASp
1405

Glu
1420

Thr
1435

Agn
1450

Ile
1465

A2la
1480

Ser
1495

ala
1510

Val
1525

Pro
1540

Thr
1555

Arg
1570

Thr
1585

Ser
1600

Val
1615

Gln
16320

Pro
1645

2la
1660

Glu
1675

Thr
1690

Agn
1705

Tle
1720

Ile

Ser

Met

Phe

Gln

Thr

ASP

Pro

Val

Ser

Thr

His

Val

Agh

Val

Ala

Tle

Leu

Ala

Pro

ASP

Leu

Ala

Thr

Thr

Ser

Phe

Tle

ASP

Gly

Thr

His

Glu

ASD

ATg

Gly

Gln

Leu

Glu

Gly

Glu

Met

Agn

Ser

His

Gly

Gln

Phe

Gly

Tle

Thr

Ser

Tle

ATrg

ASDP

Gln

ASP

sSer

His

ATg

His

Glu

ASDP

Ser

sSer

Ser

Ala

Glu

Ser

ASP

Pro

Thr

Val

Thr

Gly

Asn

Leu

Pro

Thr

ASpP

Pro

Leu

Thr

Asn

Ala

Ser

Gly

Tle

ASP

Glu

Ser

Thr

Gln

Ala

Ala

1335

Lys
1350

Phe
1365

Tle
1380

Gly
1395

Thr
1410

Tvyr
1425

Thr
1440

Gln
1455

Ala
1470

Glu
1485

Leu
1500

Tvr
1515

Leu
1530

Phe
1545

Pro
1560

Ala
1575

Asp
1590

Asn
1605

Lys
1620

Leu
1635

Tle
1650

Pro
1665

Val
1680

Ser
1695

Phe
1710

Leu
1725

Pro

Thr

Ser

Gly

Tle

Agnh

Gln

Phe

Pro

Ser

Thr

Thr

Ala

Trp

Ala

Tle

Thr

Met

Thr

Ser

Ser

ASDP

ASpP

Ser

Val

Val

Agnh

Tle

Leu

Val

Ser

Glu

Agn

Leu

Ser

Val

ATYg

Phe

Val

Gly

Gly

Ala

Val

Ser

Phe

Tle

Val

Ile

Phe

Leu

Met

Glu

Vval

Thr

Phe

Thr

Thr

Glu

Met

Ile

Thr

Gly

AsSn

Vval

Thr

Gly

Val

Asn

Glu
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Thr

Gly

Asn

Tle

Agn

AsSn

Ser

Val

Agn

Phe

Ser

Gly

Gln

Ala

Val

Ala

Ser

Gln

Pro

Gln

Val

Thr

Leu
1730

Leu
1745

ASpP
1760

Ser
1775

Val
1790

ala
1805

Phe
1820

Leu
1835

His
1850

Val
1865

2la
1880

Gly
1895

2la
1910

Glu
1925

Agn
1940

Ser
1955

Lys
1970

Ser
1985

Val
2000

His
2015

Gly
2030

Glu
2045

Ser
2060

Agn
2075

Val
2090

2la
2105

Leu
2120

Pro

Ser

AsSn

Glu

Pro

Leu

Ala

ASpP

ASP

Thr

Vval

Phe

Thr

ASpP

Glu

Ala

ITle

Tle

Vval

Ala

Ala

ASpP

Vval

Tle

Thr

Ala

Ser

Leu

Leu

Tle

Met

Val

Pro

Ser

Phe

Thr

Gly

Ser

Val

Thr

Leu

Leu

Phe

Val

Asn

Val

Asp

Glu

Agn

Pro

2la

Val

Val

ASpP

Glu

Gly

His

Leu

Val

Gln

Ser

Gln

ATy

Val

2la

Agh

Ser

ASP

2la

2la

ASP

Arg

His

Thr

Thr

Val

Ser

Tle

Ser

Glu

Thr

Val

Tle

Leu

Met

Leu

Phe

Glu

Ile

Pro

Thr

Val

His

Pro

Thr

ASP

His

Leu
1735

Thr
1750

Phe
1765

Tle
1780

Arg
1795

Hisg
1810

Ser
1825

Thr
1840

Pro
1855

Tle
1870

Glu
1885

Thr
1900

Tle
1915

ASpP
1530

Arg
1545

2la
1960

Ser
1975

Glu
1990

Gly
2005

ASp
2020

Thr
2035

Val
20850

Val
2065

Val
2080

Glu
2095

Ser
2110

Glu
2125

Tle

Val

Met

Agh

Ala

Ile

Thr

Ser

ATg

ASP

2la

Val

Ser

Gly

Hig

Agn

Agn

Arg

Gly

Val

Val

Phe

Val

Gly

His

Tle

Leu

Gln

Ser

Ala

Val

Gly

Tle

Leu

Tle

Ser

Agn

Ser

Arg

Leu

Leu

Ser

Pro

ATy

Thr

Glu

Val

Val

Gly

Arg

Phe

Gln

Val

Ala

Val

ASp

Glu

Ala

Phe

Phe

Agh

Leu

Ala

Ile

Thr

Thr

Thr

Ile

Phe

Pro

Val

Agnh

His

Asnh

Gln

Gly

His

Glu

Val

Ala

Pro

Tle

His

Ala

ASp

Leu

Thr

Thr

Gly

Glu

Ser

Phe

Glu

Asn

Phe

Thr

Val

Leu

Val

Gly

Tle

Thr
1740

Leu
1755

Tvyr
1770

Leu
1785

Asp
1800

Ser
18165

His
1830

Phe
1845

Glu
1860

Cvys
1875

Leu
1890

Asp
1905

Glu
1920

Ala
1935

Leu
1950

Val
1965

Thr
1980

bAla
1995

Glu
2010

Tle
2025

Asp
2040

Glu
2055

Tle
2070

Pro
2085

Ile
2100

Glu
2115

Gly
2130

Asn Met Ala

Gln

Thr

Thr

Val

Thr

Thr

Pro

Pro

Ala

Gly

Leu

Thr

Gln

Glu

Pro

Ser

Arg

Glu

Val

ATYg

Val

Pro

Agp

Gly

ASDP

Agp

His

Val

Val

Ala

Pro

Thr

ASp

ASn

Thr

Val

Tle

ASpP

Thr

Leu

Arg

Glu

Hig

Glu

Hig

Leu

Glu

Leu

Ser

Thr

Leu

Gln

Ala

Val

Ser

Tle

Val

Arg

AsSn

Val

Leu

Phe

Thr

Gln

Asp

Ala

Val

Gly
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Glu

Glu

Phe

Met

Ser

Pro

Phe

Tle

Tle

Val

Ala

Gly

Pro

Ser

Leu

Phe

Val

Leu

Pro

Ser

ASP

Leu

Asn

His

Gln

Thr

Tle
2135

Tvyr
2150

Ser
2165

Pro
2180

Ile
2195

Glu
2210

Ser
2225

Ala
2240

ATrg
2255

ASpP
2270

Gln
2285

Thr
2300

Agn
2315

His
2330

Leu
2345

Val
2360

Tle
2375

Phe
2390

His
2405

Ser
2420

Hig
2435

Ser
2450

Leu
2465

Val
2480

Agn
2495

Leu
2510

Gly

Ser

Leu

Ala

Val

Gln

Gly

Gln

Pro

Ala

ITle

Gln

Ser

ATg

ASpP

ATrg

Arg

Vval

Glu

Gly

AP

Lys

Agn

Ser

Thr

Glu

Val

His

Leu

Val

Glu

Phe

Val

Leu

Phe

Leu

Thr

Ile

Ser

Val

Gly

Hisg

Thr

Ala

Thr

Gln

His

Tle

Hig

Leu

Val

Val

Met

Val

Thr

Val

Glu

Hig

Thr

ASpP

ASpP

Val

Val

Ile

Phe

Leu

Val

Val

Gln

Phe

ASpP

Phe

His

Ser

Ile

Glu

Glu

Thr

Val

Tle

Ser

Val

Ile

Phe

Ser

ASP

Ala

Gln

Ser

His

ASP

ASP

ASP

Ile

Val

Val

Arg

ASP

Gly

Val

Val

Gln
2140

Val
21855

Val
2170

Pro
2185

Pro
2200

Phe
2215

Agn
2230

Glu
2245

Leu
2260

ASpP
2275

Val
2290

Val
2305

Tyr
2320

Val
2335

Tyr
2350

Gly
2365

Val
2380

Tyr
2395

Thr
2410

Leu
2425

Ile
2440

His
2455

Gly
2470

Gly
2485

Glu
2500

Lys
2515

His

Phe

Ala

Pro

Phe

Val

Phe

2la

Thr

Ile

Thr

ATrg

Gln

ASP

Glu

Gly

Thr

Glu

Gln

ASP

Ala

Val

Agn

Leu

Thr

Tle

Glu

Tle

Val

Ser

Agn

His

Gly

Agn

Leu

Ala

Met

Ser

Gln

Met

ASD

Ala

Val

Ser

Leu

Phe

Leu

Ala

Thr

Val

Leu

ASP

Thr

Ser

His

Ile

Thr

Pro

Ala

ASP

Ser

Thr

Phe

Ser

sSer

Pro

Leu

ATg

Ser

Ala

ATrg

His

Glu

ASP

Agh

ASpP

Gly

Val

Ala

Val

Thr

Gly

Ala

His

Asn

Glu

ASpP

Gly

Thr

ATrg

Thr

Agn

ITle

Ala

Tle

Thr

Pro

Ser

Ser

Agn

Gly

ASp

Thr
2145

Gly
2160

Met
2175

Glu
2190

Gln
2205

Asp
2220

Val
2235

Tyr
2250

Ala
2265

Pro
2280

Ala
2295

Ser
2310

Asn
2325

Gly
2340

Gln
2355

Leu
2370

Asp
2385

Ser
2400

Tyr
2415

Leu
2430

Gly
2445

Phe
2460

Ser
2475

Pro
2490

Ala
2505

Asp
2520

Phe

Leu Asn Lys

Agnh

Agn

ITle

Ala

Gly

Ile

Glu

Pro

Ser

ASpP

His

Leu

His

Ser

Agnh

Glu

ASp

Ser

Ile

Thr

Ala

Pro

Ser

Ala

Pro

Ala

Asn

ASp

Asn

Leu

Val

Val

Val

Ser

Ser

Tle

Thr

Ser

Pro

Hig

Ala

Gly

ITle

Ser

Gln

Phe

Leu

Gly

Ala

Ala

Glu

Ser

Pro

Val

Ser

Phe

Phe

ITle

Glu

Ser

Tle

Asp

Pro

Ala

Asp

ASn

Thr

Leu

Val

Leu

His

Ile

Asp
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ATg

Leu

Met

Val

Thr

Ser

Ala

Glu

Glu

Arg

Val

Ser

Gly

Leu

Glu

Leu

ASp

Phe

Gly

Gly

Val

Tle

Gln

Ser

Ser

2525

Phe
2540

ASp
2555

2la
2570

Tle
2585

Lys
2600

Val
2615

ASp
2630

Agn
2645

Ser
2660

2la
2675

Tyr
2690

Glu
27085

Thr
2720

Tyr
2735

Ser
2750

Ser
2765

ala
2780

Val
2795

Glu
2810

Gly
2825

Thr
2840

Glu
2855

Thr
2870

Tle
2885

Ser
2900

Pro
2915

Leu

Tyr

Val

Tle

Leu

Leu

val

Val

Pro

Glu

Ser

Phe

Leu

ATg

Ser

Ser

Ser

Agn

Val

Thr

Lys

Thr

Pro

ITle

Glu

AsSp

Thr

Glu

Thr

Glu

ITle

Asp

Phe

Tle

Leu

Val

AsSp

Tle

Ser

Arg

Gly

Ile

Leu

Val

Ala

Arg

Agn

Thr

2la

ASpP

Val

Val

Tle

Gly

Agn

Tle

ASpP

Val

Tle

His

Thr

Gln

Pro

Val

Gln

Glu

Val

Ile

Phe

Glu

Pro

Gly

ASP

Agn

Leu

Ala

Agn

Leu

Gly

Leu

Thr

Leu

ASP

Glu

Gln

Val

Ile

Val

Ser

Glu

Ala

Val

Thr

2530

ATrg
2545

Ala
2560

Gly
2575

ASh
2590

Tle
2605

2la
2620

Tle
2635

Lys
2650

Glu
2665

Ser
2680

Pro
2695

Phe
2710

Tle
2725

Gly
2740

Arg
2755

Thr
2770

ASpP
2785

Lys
2800

Glu
2815

Gln
2830

Met
2845

Phe
2860

Leu
2875

Ser
2890

ASpP
2905

2la
2920

Gly

Glu

ASP

Gly

Ser

Glu

Leu

Agn

Pro

Pro

Thr

ATrg

Agn

Gln

Thr

ASP

ASP

Ala

Ile

2la

ASP

ASP

Val

Glu

Gln

Val

Agn

Ser

ASP

Ala

Ser

Glu

Ser

Glu

Val

Ala

Thr

Ser

Hig

Ala

Phe

ATJg

Ser

Ile

His

His

Thr

Tle

Ile

Val

2la

Ala

Ser

Ala

ASp

Gly

Phe

Met

sSer

Glu

Pro

Gly

Trp

Glu

Asnh

Ile

Ala

Leu

Asnh

Glu

Gly

Val

Phe

Tle

Phe

Pro

Ala

ASpP

Ser

Val

Phe

Glu

Gln

Glu

His

Glu

ATrg

Met

ASpP

Val

Ser

ASpP

Met

Glu

Thr

2535

Thr
2550

Ser
2565

Cys
2580

Gln
2595

bAla
2610

Glu
2625

Glu
2640

Tle
2655

Thr
2670

Ser
2685

Leu
2700

Asp
2715

Ser
2730

Ser
2745

Leu
2760

Gln
2775

Val
2790

Asn
2805

Glu
2820

Asp
2835

Gln
2850

Glu
2865

Arg
2880

Lys
2895

Asp
2910

Gly
2925

Leu

Val

Thr

Phe

Gly

Ser

Thr

Phe

Val

Pro

Val

Gly

Agnh

Phe

Ala

Ser

Agn

Ala

Ser

Thr

ASp

ITle

Val

Thr

Glu

Arg

Val

Arg

Gly

Ser

Val

Thr

Phe

Val

Pro

Thr

ATYg

Leu

Ser

Ser

Pro

Leu

ASpP

Gln

Gly

Agnh

Gln

Asn

Val

Leu

AsSn

Ala

Thr

Asn

Val

Leu

Phe

Ile

Val

Asp

Glu

Tle

Val

Vval

Pro

Ser

Ser

Trp

Leu

Asp

Ser
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Glu

ASp

Thr

Agh

Arg

Ser

ASh

Glu

ASP

Gly

Leu

His

Ala

Glu

Glu

Ala

ASP

Glu

Leu

Gly

Val

Leu

Tle

Glu

ITle

Thr

Ala

ASpP
29230

2la
2945

Gly
2960

Glu
2975

ASp
2990

Ser
2005

Ser
32020

ASpP
3035

ala
3050

Ser
2065

Lys
3080

Leu
32095

Ser
2110

Phe
3125

Pro
2140

Gly
3155

Gly
3170

Lys
3185

Lys
3200

Thr
3215

Phe
3230

Val
3245

Glu
3260

His
3275

Ile
3290

Val
33065

Thr
3320

ASpP

ASpP

Gly

Trp

Agn

Pro

Val

ASP

Gly

Thr

Leu

Tle

Ser

Gly

Leu

Gln

Pro

Ala

Vval

Glu

Gly

Ala

Gly

Glu

Glu

Vval

Pro

Ser

Asp

Ala

Val

Leu

ITle

Ala

Ser

Val

Val

Ala

Thr

Asn

Phe

Leu

Val

Tle

Thr

Agnh

Asn

bAla

Asn

Gln

Glu

Pro

Val

Leu

Ile

Pro

ATy

Glu

Thr

Leu

ASP

Leu

ATy

Ser

ASp

ASP

Val

ATrg

Glu

2la

Phe

Leu

Thr

Val

Gly

Glu

Leu

Leu

Val

Glu

Gly

Ser

Pro

Ala

Thr

Pro

Leu

Ile

Arg

Gln

Ser

Glu

Val

Glu

Ser

ASP

ASP

Agn

Gly
2935

Tle
2950

Gly
2965

Val
2980

Thr
2995

Glu
3010

Lys
3025

Lys
3040

Agn
3055

Phe
3070

Leu
20865

Thr
2100

Leu
2115

Tyr
3130

Thr
3145

Tle
23160

Agn
3175

Glu
3190

Gly
3205

Val
3220

Tyr
3235

Leu
23250

Tle
3265

Tle
3280

Tyr
3295

Gly
3310

Val
3325

Val

Agn

Gln

Tle

Val

Thr

Leu

Ala

ASP

ASP

Glu

2la

Arg

Leu

Glu

Leu

Leu

Leu

Gly

Gln

Thr

ASP

Glu

Gly

Thr

Tle

Arg

Phe

Thr

Leu

Tle

Glu

Leu

ATg

Gly

ASD

Ile

Val

Leu

Gln

Pro

ASP

Ala

Val

Ser

Ser

Thr

ASD

Ala

Gln

Ala

Pro

Ala

Val

Met

Ile

Agh

Glu

Gly

Val

Thr

Gln

sSer

sSer

Ala

ATg

Ile

Thr

Ser

sSer

Pro

Ile

Tle

Vval

Val

Leu

Thr

Leu

Ser

Gln

Thr

Pro

Glu

Gly

Agn

Val

Ala

Leu

Gly

Vval

ATrg

ASnh

Val

Ala

Tle

Thr

Hig

Ser

Agn

Leu
2940

Thr
2955

Glu
2970

Asp
2985

Asp
3000

Asp
3015

Asp
3030

Tle
3045

Tvr
3060

Asp
3075

Gln
3090

Arg
3105

Asp
3120

Phe
3135

Thr
3150

Tle
3165

Ile
3180

Tvyr
31595

Leu
2210

Asp
3225

Ser
3240

Ala
3255

Tle
3270

Gly
3285

Glu
3200

Leu
3315

Asp
3330

Ser Thr Thr

Tyr

Thr

ATrg

Gly

Ala

Thr

Ser

Thr

Thr

Ala

Phe

Agnh

Glu

ASpP

ASpP

Ile

Thr

Thr

Agn

Glu

Ser

Ser

2la

Ser

Asnh

Phe

Tle

Glu

Thr

Asn

Tle

Ala

Leu

Gly

Val

Ala

Asn

Ala

Ser

Gln

Leu

Ala

Pro

AgSp

ATYg

Gly

Val

Agp

Thr

Tle

Gln

Phe

Asp

Pro

Thr

Leu

Glu

Gln

Pro

Thr

Asp

Ala

Leu

Ser

Thr

Pro

Tle

Asp

Agh

Phe

Leu

Vval

Pro
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Val

Val

Gly

Gln

Val

Thr

Thr

Val

Pro

Ser

ASh

Thr

Gln

Thr

Ala

Val

Leu

Gly

Val

Agn

Gln

Gln

Val

Glu

Phe
3335

Leu
3350

Pro
3365

Gly
3380

Thr
3395

Val
3410

Thr
3425

Phe
3440

Val
3455

Ser
23470

ASpP
3485

Ser
3500

Val
3515

Tvyr
3530

Tle
3545

Ser
3560

Tvyr
3575

Phe
3590

Leu
3605

Lys
3620

Thr
3635

Leu
2650

Arg
3665

Ile
3680

Leu
3695

Gln
3710

Tle

Ser

Glu

Ser

Ser

Gln

Val

Ser

Gly

His

Glu

Ser

Tle

Leu

Gly

AP

Ser

ASP

Phe

Gln

Thr

Ala

Val

Leu

Leu

Tle

Gln

Gln

Agnh

Ser

Leu

Ala

Asn

Arg

Phe

Asn

Ala

Val

Asp

Pro

Gly

Thr

Val

Tle

Thr

Glu

Pro

Leu

Ser

Phe

Leu

Gly

ASp

Ser

Ser

Phe

Leu

Ser

Ile

Gly

Ser

Gly

2la

Tle

Ala

Tle

Leu

Val

Leu

Ser

Gly

Thr

Met

Glu

Leu

Val

His

Val

Thr

Val

His

Thr

ASP

ASP

ASP

ASh

Val

Pro

Phe

ASP

Arg

Glu

Tle

Thr

Ser

Gln

Val

Leu

Glu

Agn

Gln

Glu

ATrg

Tyr
3340

Ile
3355

Tle
3370

Tle
3385

Arg
3400

ASh
2415

Val
23430

Tyzr
3445

Leu
2460

Pro
3475

Glu
23490

Arg
3505

Agn
3520

Val
3535

Tle
3550

Gly
3565

Tyr
3580

Thr
3595

Tyr
3610

2la
3625

Agn
2640

Phe
3655

Tle
23670

Ser
3685

Lys
3700

Ile
3715

Tle

Thr

Thr

His

ASP

Glu

Gly

Ser

Ser

Gln

Phe

Val

Gly

Tle

Phe

Ser

Gly

Leu

ASP

Hig

Val

Leu

Ser

Pro

Agn

Leu

Thr

Val

Pro

Thr

Ser

ASP

Val

Leu

Phe

Agn

Glu

Glu

Tle

Tle

Leu

Gly

Leu

Tle

Thr

Gly

Gly

Glu

Gly

Ser

Agn

Val

Met

Ser

Val

Ile

Pro

Val

Tle

Val

Phe

Pro

Pro

Glu

Thr

His

ASP

Agn

Thr

Ile

ASp

Val

Pro

Ser

Ser

Val

Tle

Ala

Tle

ATrg

Ser

Pro

Asn

Tle

Val

Thr

Gln

ASpP

Gln

Ser

Ser

Ala

Pro

Leu

Val

Val

Ala

ATrg

Hig

Ala

Val

Phe

Ser
3345

Asp
3360

Tle
3375

Gly
3390

Gly
3405

Arg
3420

Asp
3435

Gln
3450

Thr
3465

Ile
3480

Gly
3495

Hisg
3510

Leu
3525

Tle
3540

Ser
3555

Thr
3570

Gln
3585

Ile
3600

Ser
3615

Hig
3630

Ile
3645

Trp
3660

Arg
3675

Pro
3690

Gln
3705

Thr
3720

Gln

Glu Asp Ala

ASDP

ASp

Glu

Val

Agnh

Glu

ASpP

Val

Val

Ser

Gly

ASp

Met

Ala

Val

ITle

ATYg

Arg

Agn

His

ITle

ASDP

Ala

Gly

Val

Thr

Agnh

Ala

Agnh

Glu

Thr

Leu

Leu

Ser

Pro

Glu

Gln

AgSp

Hig

Thr

Arg

Phe

Asn

AgSp

Leu

Ser

Ile

Leu

Asp

Agh

Leu

Thr

Pro

Asp

Gly

Leu

Leu

Leu

Pro

Glu

Asp

ASn

Asp

Gln

Ala

Phe

Tle

Asp

Thr

Glu
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-continued

Ala

Val

Phe

Glu

Hig

Ser

Leu

Leu

Thr

ITle

Agn

Ser

Gly

Ser

Arg

AsSn

Asn

Val

Gly

Gln

3725

Gly
3740

ASp
3755

Val
3770

Gly
3785

Pro
2800

Thr
3815

Ser
3830

Thr
3845

ATy
3860

ASp
3875

Phe
3890

Gln
3905

Gly
3920

Gly
3935

Val
3950

ATrg
3965

Ile
3980

Ser
39985

Phe
4010

Gly
4025

Cys
4040

Pro
40855

ASp
4070

Gln
4085

Agn
4100

Cys
4115

Leu

Glu

Thr

Arg

Glu

Ser

Glu

Thr

Tyr

ASpP

Val

Agn

Thr

Phe

Ser

Tyr

Leu

Gly

Ser

ASh

ATrg

Gly

ASpP

Asp

Ser

Pro

Gly

Val

Met

Asn

Ser

Asn

Ala

Phe

Pro

Leu

bAla

Thr

Val

bAla

Ser

Gly

Gly

Ser

Val

Pro

Ser

Thr

Glu

Ser

Tle

Gly

ASP

2la

Pro

Gly

Gln

Agn

His

2la

Leu

Ser

Gly

Gln

Thr

Gly

Pro

Met

His

Pro

Glu

Pro

Leu

Agn

Thr

Leu

Ser

Gly

ATrg

Gly

Gly

Val

Gly

Tle

Thr

Agn

Phe

Leu

Phe

3730

Trp
3745

Ser
3760

His
3775

Val
3790

Cys
3805

Ser
3820

Thr
3835

Lys
3850

Hisg
3865

Glu
3880

Gly
3895

Gln
2910

Leu
3925

Thr
3940

His
3955

Gly
3970

Gln
3985

Glu
4000

Glu
4015

Pro
4030

Tle
4045

Pro
4060

Val
4075

Ser
4090

Phe
4105

Arg
4120

Thr

ATrg

His

Val

Gly

Gly

Leu

Ala

Tle

Pro

Trp

Val

Leu

Tle

Agn

Glu

Glu

ASP

Ser

Gly

Pro

ASP

Gly

Phe

His

Ala

His

Ser

ATg

Agn

Glu

Val

His

Gly

Hig

Leu

ATy

Gly

Leu

Ser

Pro

Thr

Leu

Gln

Ser

Glu

Ser

2la

Gly

ASp

Phe

Ser

Met

Val

His

Ile

Ala

ASP

Thr

Gln

Phe

Pro

Val

Ala

Ala

His

Leu

Arg

ASP

Thr

Val

Pro

Gly

Met

Gly

Val

Val

Gln

Leu

Gln

ATrg

Leu

ASpP

Ser

Gly

Gly

ATrg

3735

Glu
3750

Ala
3765

Cys
3780

Glu
3795

Trp
3810

Gln
3825

Val
3840

Leu
3855

Tvr
3870

Arg
3885

Ser
2900

Ala
3915

Val
3930

Asn
3945

Gly
3960

Gly
3975

Asn
2990

Val
4005

Asn
4020

Gly
4035

Glu
4050

Gly
4065

Gly
4080

Asp
4095

Gly
4110

Gln
4125

Arg

Leu

ASp

Glu

Thr

Ala

Leu

Val

Leu

His

Leu

Thr

Ser

Ser

Pro

Tle

Thr

Leu

Glu

Ala

Ser

Val

Leu

ASp

Glu

Pro

Met

ATYg

Gln

Gln

Glu

Thr

ASp

Arg

Met

Pro

Ser

Pro

Val

Agp

Ser

Ser

Pro

Arg

Gly

Ser

Val

Ala

Asn

His

Asp

Pro

Gly

Gln

Vval

Val

Thr

Tle
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-continued

ASpP

Agn

Gly

Pro

Val

ASpP

Val

Ser

Pro

Gly

Pro

Gln

Leu

Gln

Ser

ASp

Glu

Ser

Ala

Phe

Leu

Glu
4130

Thr
4145

Arg
4160

Trp
41°75

2la
4190

Met
4205

His
4220

Ser
4235

Pro
4250

ATrg
4265

Glu
4280

His
4295

Pro
4310

Lys
4325

ASp
4340

Pro
4355

Ser
43770

Thr
4385

Phe
4400

Ala
4415

ASpP
4430

2la
4445

Glu
4460

Gly
4475

Leu
4490

Gly
4505

Pro
4520

His

His

Agnh

Gly

ITle

Leu

Val

Agn

His

Arg

Pro

Pro

Pro

Phe

Ser

Pro

ASP

Tle

ASP

Ser

Ser

Pro

Thr

Pro

Ser

Gly

Tle

Tle

Ser

Gly

Leu

Arg

ASn

Pro

Pro

Ser

Ser

Gln

Asp

Asn

Pro

Glu

Glu

Tle

Ser

Asn

Gly

Gly

Gly

Ser

Glu

Gly

Phe

ATy

Pro

Agn

Pro

Leu

Glu

2la

Pro

Trp

Leu

2la

Ser

Trp

Agh

Ser

Leu

His

Ser

Phe

Glu

AgSh

ASP

Leu

Leu

Ala

Ile

ASP

Phe

Val

Ser

ASP

Ser

ATrg

Glu

Met

Glu

Ala

ASP

Pro

Pro

ATrg

Agn

Gln

Pro
4135

His
4150

2la
4165

Ala
4180

Leu
4195

Lys
4210

Thr
4225

Agn
4240

Ser
4255

Arg
4270

Ser
4285

Ala
4300

Agn
4315

Phe
4330

Lys
4345

Glu
4360

Ser
43775

Pro
4390

Val
4405

Tle
4420

Phe
4435

Pro
4450

Pro
4465

Agn
4480

Pro
4495

Ser
4510

Arg
4525

Cys

Ala

Glu

Val

Ala

Tle

Agn

Thr

Val

Ser

ASP

Ser

Ser

Ile

ASP

Pro

Leu

Arg

ATrg

Leu

Thr

His

Leu

Agn

Pro

Gly

Val

Hig

Phe

Thr

Ser

Phe

Pro

Pro

Leu

ASP

Val

ASP

Thr

Pro

Pro

ASP

Gln

ASP

Phe

His

Asnh

Tle

Val

Gln

Leu

sSer

Pro

Phe

Asnh

Ser

Ser

ASP

Leu

sSer

ASDP

Pro

Glu

AsSp

Pro

Pro

Met

ATrg

Met

Arg

Glu

Gly

Ser

Gln

Gly

Phe

Ala

Gln

ASpP

Ser

Glu

Pro

Val

ASp

Thr

Glu

Glu

AsSn

Leu

Gln

Pro

Glu

Pro

Phe

Ser

Glu

Ala

Ala
4140

Hisg
4155

Tvyr
4170

Tle
4185

Val
4200

Glu
4215

Arg
4230

Tle
4245

Ile
4260

Gly
4275

Glu
4290

Ala
4305

Ser
4320

Lys
4335

Glu
4350

Val
4365

Gly
4380

Pro
4395

Thr
4410

Tyr
4425

Glu
4440

Phe
4455

Ala
4470

Asn
4485

Glu
4500

Pro
4515

Pro
4530

Leu Cys Glu

Glu

Val

Val

Leu

Pro

Pro

Pro

Pro

Ser

Ser

Pro

ASpP

Val

Gln

ASpP

Pro

Pro

ASpP

Ser

Ala

Leu

Pro

His

Ala

Tvyr

Ser

Val

Pro

Ser

Ala

Val

Agnh

Ser

Val

Pro

Ser

His

Tle

Leu

Gly

Phe

Asn

Gly

AsSn

Gln

Ala

Val

Arg

Thr

Phe

Arg

Asp

Phe

Gln

Asp

Tle

His

Leu

Tle

Asp

Ser

Leu

Trp

Gln

Gly

Pro

Gln

Ser

Gln

Thr

Pro

Glu



US 8,586,534 B2
79
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Ser Met Pro
4535

Val Ser Ala
4550

Tyr Glu Ser
4565

Pro Leu Asp
4580

Met Ser Val

Cys Cys Glu

Gly Asp Asp

Ser Gln Gln

Tyvr Ala Ser
4540

Val Glu Ser
4555

Gly Hisg Phe
45770

Higs Thr Glu
4585

Thr Ala Serxr

Glu Val Met

Glu Glu Val

Val

4545

4560

4575

Cys Ser Asp

Met Ser Asp

Thr Ile Pro

<210> SEQ ID NO 3

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: Rat Fatl-specific forward primer

<400> SEQUENCE: 3

cooctteocaa cteteoectcea 20

<210> SEQ ID NO 4

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: Rat Fatl-specific reverse primer

<400> SEQUENCE: 4

caggctctce cgggcactgt 20

«210> SEQ ID NO b5

«211> LENGTH: 19

«212> TYPE: DNA

<213> ORGANISM: artificial

«220> FEATURE:

223> OTHER INFORMATION: Mouse Fatl gsiRNA template

<400> SEQUENCE: 5

ggaccgaagt caccaagta 19

<210> SEQ ID NO 6

«<211> LENGTH: 19

«212> TYPE: DNA

<213> ORGANISM: artificial

«220> FEATURE:

<223> OTHER INFORMATION: Mouse Fatl siRNA template 2

<400> SEQUENCE: 6

gcgacgcatt taacattaa 19

«210> SEQ ID NO 7

«211> LENGTH: 19

«212> TYPE: DNA

<213> ORGANISM: artificial

«220> FEATURE:

223> OTHER INFORMATION: Mouse Fatl siRNA template 3

<400> SEQUENCE: 7

gcatgacact ttaaataaa 19

<210> SEQ ID NO 8

<«211> LENGTH: 19

<«212> TYPE: DNA

«213> ORGANISM: artificial
«220> FEATURE:

223> OTHER INFORMATION: Mouse Fatl siRNA template

80
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-continued

<400> SEQUENCE: 8

gtctggcaat gatcataaa 19

«<210> SEQ ID NO 9

<«211l> LENGTH: 19

«212> TYPE: DNA

«213> ORGANISM: artificial

«220> FEATURE:

«223> OTHER INFORMATION: control giRNA. Scrambled derivative of the
7296 sgequence

<400> SEQUENCE: 9

gtaaccataa acaggcatt 19

<210> SEQ ID NO 10

<«211l> LENGTH: 19

«212> TYPE: DNA

«213> ORGANISM: artificial

«220> FEATURE:

«223> OTHER INFORMATION: control giRNA. Mismatched derivative of the
7296 sequence.

<400> SEQUENCE: 10

gtctgataat gcgcataaa 19

«<210> SEQ ID NO 11

<211> LENGTH: 30

«<212> TYPE: DNA

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: Mouse FatlIC RT-PCR forward primer

<400> SEQUENCE: 11

aagcttctcect gccggaagat gatcagtcgg 30

«<210> SEQ ID NO 12

«211> LENGTH: 27

«212> TYPE: DNA

<213> ORGANISM: artificial

«220> FEATURE:

<223> QOTHER INFORMATION: Mouse FatlIC RT-PCR reverse primer

<400> SEQUENCE: 12

tctagacact tccgtatgcet gctggga 277

<210> SEQ ID NO 13

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: artificial

<220> FEATURE:

<223> OTHER INFORMATION: forward primer for generating Fat 4189-4587

<400> SEQUENCE: 13

ccatgggect ctgccggaag atgatcagt 29
«<210> SEQ ID NO 14

«211> LENGTH: 30

<212> TYPE: DNA
«213> ORGANISM: artificial

<220> FEATURE:
<223> OTHER INFORMATION: forward primer for generating Fatl4201-4587
<400> SEQUENCE: 14

ccatgggcca ggctgaacct gaagacaaac 30
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What 1s claimed 1s:

1. A method of inhibiting vascular smooth muscle cell
(VSMC) proliferation in a patient having a bypass surgery
vascular repair or an angioplasty vascular repair, the method
comprising administering to the patient having the vascular 5
repair an amount of a fusion protein consisting essentially of
the sequence of residues 4202-4388 of SEQ ID NO:2 fused to
the amino acid sequence of an extracellular domain and trans-
membrane region of an interleukin 2 receptor a-chain which
localizes to a cell membrane effective to inhibit (VSMC) 10
proliferation.

2. The method of claim 1, wherein the vascular repair 1s an
angioplasty vascular repatr.

3. The method of claim 1, wherein the patient 1s at risk of
restenosis. 15
4. The method of claim 1, wherein the vascular repair 1s a

bypass surgery vascular repair.

5. The method of claim 1, wherein the vascular repair 1s of
a coronary artery.

20
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